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rates through 


jt is probable that [the string galvanometer| will give in- 
formation of much value where the action of the heart, 
as a whole, is perfectly regular, and where the contrac- 
tion, originating at the normal site of impulse formation, 


namely the sino-auricular node, progresses at normal 
the heart and along definite and recognized channels.” 


This prophecy, from a paper by Lewis and Gilder,’ was made in 
1gt2 after the authors concluded that the “new chapter in clinical 
medicine” which resulted from the use of the instrument in “decipher- 
ing” irregularities of the ventricles and disorders “in the sequence of 
contraction in its chambers” was rapidly closing. 

The prophecy has been amply born out in the four decades since it 
was made. Lewis had in mind the modifications in the electrocardio- 


* Presented at the 


24th Graduate Fortnight of The New York Academy of Medicine, Oct. 18, 1951 


From the Department of Medicine, New York University College of Medicine, the Adult Cardiac 
Clinic, Third (N.Y.U.) Medical Division, Bellevue Hospital, and the Cardiovascular Service an 
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Knapp Foundation 
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gram which he recognized to occur with hypertrophy. He lived long 
enough to see the string galvanometer give much more valuable infor- 
mation than his earliest observations made him suspect it would. 

A great many investigations have contributed to the present-day 
understanding of the alterations in the electrical behavior of the myo- 
cardium which are reflected in recognizable modifications of the electro- 
cardiogram. The most significant of these have been the studies, almost 
exclusively by F. N. Wilson and his school,’ on the laws governing the 
behavior of an electromotive force in a volume conductor. The results 
of these original studies have been modified only slightly by subsequent 
investigations. Only a few problems remain to be solved in this area. 
If the year 1912 was regarded as the end of the era of the arrhythmias, 
the mid-twentieth century may be regarded as the time when the chapter 
on the effects of the body regarded as a volume conductor may be 
considered to be coming to a close. 

A discernible third period, already well along, and destined almost 
certainly to have clinical repercussions, is concerned with the intensive 
study of the source of the electromotive force itself, namely the myo- 
cardial cell. Because an understanding of the electrical behavior of the 
cell is fundamental to an understanding of the electrocardiographic 
effects of myocardial and pericardial injury seen clinically, a resume 


of pertinent facts will be given. 


Tue 


To begin with it is customary to accept Bernstein’s membrane 
theory,* proof of which, with some modifications from the original, is 
convincing. The theory states that the resting cell possesses a membrane 
which is semipermeable to ions. These are oriented in such a way that 
the outside of the resting cell is electrically positive and the inside nega- 
tive with reference to ground potential. 

The difference in potential across the membrane has been measured 
in the squid giant axon,*° and in the sartorius muscle** and the myo- 
cardial cell of the frog.* In these tissues it averages 45 to 88 mv. It is 
called the “resting membrane potential.” 

When the cell undergoes stimulation, natural or artificial, depolari- 
zation of the membrane occurs presumably due to a change in perme- 
ability to ions or other charged particles. The original potential not only 
disappears but reverses slightly (about 30 per cent) so that the mem- 
brane potential is temporarily opposite in polarity, but in less degree, 
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Figure 1—Action potentials of single cardiae ventricular fibers. (M.P. Resting 
membrane potential, O.S. Overshoot, HP Hyperpolarization.) All measurements made 
from bottom of string shadow. Ordinates—amillivolts; abscissae—time. Vertical lines 0.) 
second apart. 

A. Action potential of single ventricular fiber. Arrow indicates start of withdrawal 
of electrode from cell to show return of string to zero value and presence of small 
surface electrocardiogram (QRS). 

C. Action potential of longer duration. 

(Woodbury, Woodbury, and Hecht, Circulation 1:264, 1950). 


to the resting state. It is very probable that this “overshoot,” as it is 
called, is comparable to the phenomenon of the same name known to 
occur in electrical condensers, and may be due to inductance* with a 
temporary realignment of electrons on the membrane, the reverse of 
what is found in the resting state. 

Following the rapid depolarization there is a gradual restoration of 
the original membrane potential with varying speeds as shown in the 
varying slopes of the recovery curve. Sometimes there is at the end of 
recovery a slightly greater negative potential than before. This is 
temporary and is spoken of as “hyperpolarization.”” 

These collective phenomena, known as the “membrane action po- 
tential” are shown as they occur in the myocardial cell of a frog in 
Figure 1 taken from the paper by Woodbury, Woodbury, and Hecht.® 
Part A of this figure shows a membrane potential in the myocardial cell 
of a frog of 70 mv. As excitation proceeds over the cell there is an 


: Myocardial and Pericardial Injury 65 
= os 
po 
| 
| 


THE BULLETIN 


overshoot of 30 mv with a gradual return to the original large negative 
potential as the repolarization proceeds slowly at first, more rapidly 
toward the end of systole. This part of the figure also shows the disap- 
pearance of the negative intracellular potential as the electrode is with- 
drawn from the cell, after which it is close to the surface of the heart 
and records a small ventricular complex (QRS) or “axial current.” ' ™ 
Part C shows a slower slope to repolarization and a drop of potential 
below its original intracellular level or “hyperpolarization.” 

It is noteworthy, for its clinical interest, that temperature has little 
effect on the voltage of the membrane action potential but the rate of 
depolarization is quite sensitive to this variable, being longer the lower 
the temperature.* 

From these remarks it is clear then that the action potential of the cell 
may be, if desired, divided into at least five phases: 1) depolarization, 
also called excitation, accession, or invasion, which represents a period 
of increasing activity of the cell; 2) overshoot, which is probably a 
condensation phenomenon on the membrane; 3) complete activity or 
possession partly obscured in direct cellular experiments by the gradual 
“leaking off” of the overshoot; 4) repolarization, also called recovery, 
regression, or retreat, which represents a period of decreasing activity 
of the cell; 5) hyperpolarization. The overshoot and the hyperpolariza- 
tion may not be essential parts of the electrical process. In any case 
they may, for didactic purposes, be disregarded temporarily and the 
electrical activity of the cell defined as a tripartite one, consisting of 
accession, possession, and regression." 


Tue Conpuctinc Mepium 


The relatively simple monophasic curve obtained during the study 
of the membrane action potential of a cell is altered when the electrode 
used to record it is moved to the exterior of the cell, and is separated 
from it by part of the physiological conducting medium. Analysis of 
the effects are possible because the accession process or period of in- 
creasing activity of the cell behaves as though it were a dipole or 
double electric layer with the positive pole or side facing the direction 
of excitation of the muscle. This results from the fact that with activity, 
as already shown, the polarity of the cell membrane decreases. Another 
way of saying this is that the density of charges on it is decreased. 
The resting muscle just ahead of the active muscle, being more densely 
polarized, behaves as though it were positive electrically with respect 
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Figure 2 Methods of analyzing the effect of the membrane action potential on a 
unipolar lead in a homogeneous conducting medium. 

The cell is shown diagrammatically twice, with the source of electrical energy in 
depolarization (AB) and repolarization (CD) being regarded as a dipole in the upper 
figure, and as a charged surface or lamina (double electric layer) in the lower figure. 
In the former the potential of the electrode, F, is defined by the upper forntula in 
which , is a constant which depends on the distance between the dipoles and the 
quantity of charge they carry, R is the distance from the center of the dipole to the 
electrode EF, and © is the angle between R and the positive side of the axis. In the 
latter the potential, V, of the electrode, E, is defined by the lower formula in which 
@ is a value which depends on the density of the charges on the membrane and » is a 
solid angle subtended on a sphere of unit radius about E. Polarity of the electrode is 
determined by the side of the charged membrane seen by an observer stationed at F. 

On the upper cell is drawn the membrane action potential as recorded in Fig. 1, 
with the omission of the overshoot and the negative after-potential (hyperpolarization ). 
The diagrammatic electrogram on the right is the record obtained by the electrode in 
the conducting medium as a result of the changes in the electrical field of the medium 
brought about by the membrane action potential. The inequality of the positive and 
negative phases of this quadriphasic curve is ascribed to the special circumstance of 
the recording electrode being at the end of the cell opposite the point of stimulation. 


to the active portion. The regression process or period of decreasing 
activity may be regarded similarly but with the polarity reversed since 
the active muscle precedes the resting muscle. Under such circumstances, 
provided the medium is homogeneous,’ the effects of the dipole or 
double electric layer on an electrode or point in the medium may be 
analyzed by the formulae and diagrams in Figure 2. From the upper 
formula and diagram, it is clear that the potential (or size of the 
deflection in the finished record) will be larger the closer the dipole 
is to the point of recording (the shorter the distance, R). Also an 
elementary knowledge of trigonometry will make it obvious that as the 
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angle @ approaches o degrees, the effect on the electrode, E, in the 
conducting medium will be maximum and positive. At 180 degrees it 
will be maximum and negative. In the lower part of the figure, the 
effect of the charged membrane or double electric layer on electrode E 
will be greater as the area of the membrane is larger, and the distance 
between it and the electrode is smaller. These two variables are measured 
by the angle » which is a solid angle subtended on a sphere of unit 
radius drawn about the point (E in figure) in the conducting medium 
being studied. The value, @, is determined by the number and the 
magnitude of the charges on the membrane. 

The dipole or the double electric layer may be represented by a 
vector with an axis parallel to the axis of the dipole, or normal to the 
surface of the charged membrane. Its length is made proportional to 
the size of the electromotive force involved. 

With either of these methods of analysis, then, the simple intracellu- 
lar monophasic curve is converted into a more complicated extracellular, 
quadriphasic curve, as shown in Figure 2, where accession and regres- 
sion are regarded as dipoles (upper figure) or double electric layers 
(lower figure). The asymmetry of the accession deflections (QRS) 
and the regression deflections (S-T and T) as shown in the figure is 
attributable to the special circumstance that the electrode in this instance 
is placed at the distal end of the strip. These two sets of deflections 
would be symmetrical if the lead was made from the middle of the 
strip." 

In a lead from the medium surrounding the isolated strip of muscle 
the processes of accession and of regression are equivalent. Although 
the latter process takes longer, the voltages involved are less, and the 
product of the two (time x voltage) is identical with, though opposite 
in sign, to a similar product for accession. This is the same as saying that 
the area of QRS is equal to the area of the T wave, and that the sum of 
the two is zero. In the electrocardiogram of the normal human ventricle 
the area of QRST is not equal to zero because certain variables are 


operative which delay the regression process in various regions of the 
ventricular muscle,'* more particularly the subendocardial regions.’® 
These differences in duration of the excited state are accurately measured 
by the area of QRST which, when reduced to a quadrential vector, 
indicates the direction and magnitude of these differences. Its direction 
is from an area where recovery is longest to an area w here it is shortest. 


It is known as the ventricular gradient. 
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DIASTOLE SYSTOLE 


POTENTIAL 
++ 


+++ 
D COMBINATION 
6 AND C 
+) 


++ + 


E HYPERPOLAR- 


Figure 3—Some of the theoretical types of injury which may modify 
the electrical behavior of the cell. The equivalent effect is shown as the 
effect of a simple charged membrane or lamina on a point, P, in a sur- 
rounding conducting medium according to the formula V gw (see Fig. 
2 and text). The electrograms display the phase in which the effect will be 
manifest, and its nature. EF, electrode; S, stimulator; 1, injury current; —J 
compensating current; D, demarcation current; H, hyperpolarization. 


Speciric Errecrs or INjurRY 


In any discussion of the effects of myocardial and pericardial injury 
on the electrocardiogram, there is one explanation which must be made 
at the outset, namely the definition of the word “injury.” The term, as 
applied to the myocardium, is used loosely and a concept of its meaning 
will depend largely on whether one is a clinician, pathologist, embryo- 
logist, or microbiologist. For the purposes of this discussion, injury may 
be regarded as any process w hich either completely abolishes or only 
modifies, singly or in combination, the rate, course, or extent of the 
cellular processes of depolarization and repolarization. 

Preliminary to this discussion, too, it is desirable to note that the total 
electrical effect of a resting cell on a point in a surrounding medium is 
zero (Fig. 3A) because this “double layer,” being completely closed, 
has no boundaries. The solid angle subtended by it on a point in the 
surrounding medium is really the sum of two identical solid angles 
subtended by the same imaginary boundary but of opposite sign. The 
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sum of these and the potential of all points in the medium are obviously 
zero.” 16, 17 

Having some knowledge of what happens in the normal cell during 
electrical activity, the problem to be considered logically is how does 
injury, as defined, modify these processes. 

The answer appears to depend largely on the degree of injury. The 
casiest degree to understand is the injury which results in complete 
functional and usually anatomic destruction of the cell. Such a cell no 
longer contributes an electromotive force of any kind. Its absence is 
reflected in the clinical electrocardiogram by changes in the initial 
ventricular deflections, QRS, since the dead cells no longer contribute 
to the mean manifest potential of ventricular depolarization which these 
deflections reflect. Since clinical death of myocardium is frequently 
extensive, the absence of the cells results in either the left arm or left 
leg becoming in effect a total or partial semidirect lead from the cavity 
of the left ventricle whereas normally they are semidirect leads from the 
surface of that chamber. An initial negative potential results which 
manifests itself as a Q wave in the unipolar lead from either or both 
extremities or in the bipolar leads (1, II, IIL) in which these extremities 
are used. The principles also apply to the precordial leads.'*" 

The lesser degrees of injury are more complex, and knowledge of 
the basic electrophysiology concerned is still incomplete. However, 
an attempt can be made to classify what is known with the full realiza- 
tion that some of it is tentative depending on further investigations. 

In addition to the type of injury which modifies QRS, there are 
at least six additional types which are reflected electrocardiographically 
in abnormalities of the S-T segment, the T wave, and perhaps the U 
wave. In discussing these, reference to the changes in a single cell will 
be made for the sake of simplicity. It is clear, however, that the discus- 
sion also applies to any aggregate of cells. 

The best understood of these injuries is one which results in partial 
or complete depolarization of a part of the cell. The resting membrane 
potential in the injured area is of lesser magnitude, and hence this 
injured part is electrically negative with respect to uninjured parts 
(Fig. 3B). During diastole a current flows from the uninjured to the 
injured region known as the current of injury (1). The electrical effect 
is equivalent to a double electric layer with the negative side toward 
the injured region.? Since it is assumed to be constant, and may, for 
purposes of discussion be regarded as balanced by a compensating 
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current from the galvanometric circuit (-I in Fig. 3B), the current 
involved causes no discernible deflection of the galvanometric recorder 
during diastole. But if the entire cell should be abruptly depolarized 
by normal activity, the recorder will deflect during systole to a degree 
proportional to the magnitude of the original current of injury, and in 
a direction determined by the location of the electrode with respect 
to the injured and uninjured regions. The S-T segment will be dis- 
placed (Fig. 3B) not by the original current of injury (designated 1) 
but rather by an equivalent double layer oriented in the reverse way, 
called —I.*° If the exploring electrode is nearer the injured than the 
uninjured side of the cell as shown in the figure, the displacement of 
the S-T segment will be upward or positive and toward the original 
baseline before the current of injury displaced it. 

Theoretically, and clinical evidence of several kinds supports it, a 
degree of injury may exist in which the resting cell shows no abnormality, 
but depolarization of it may not be complete (Fig. 3C). The wave of 
excitation may be regarded as being blocked at the injured site and 
acting there as a standing wave or interface with its positive surface 
toward the injured region. As with the current of injury, the S-T seg- 
ment will be elevated when the electrode is on the positive side of it, 
but in this instance a new current, D, dependent on the existence of a 
demarcation potential,* is flowing during systole rather than abolished. 
It can be represented as a change of the baseline to a new positive level 
if the exploring electrode bears the same relation to the cell as in the 
previous example. To be noted is that the equivalent electrical effect 
is the same as if a current of injury were assumed to exist during diastole 
(Fig. 3B and C). It is this mechanism which is suspected of being 
responsible for the displacement of the S-T segment which may occur 
spontaneously or following effort or induced hypoxemia in patients with 
anginal syndrome. It is also believed to be the mechanism involved 
when pressure is made on the endocardium with the cardiac catheter. 

A fourth type of injury is theoretically possible (Fig. 3D). It is a 
combination of the second and third types. The equivalent effect is 
similar to but larger than the equivalent effect of either of the previous 
two types individually. In clinical infarction it is very probable that this 
combination is involved. 


* The term, demarcation potential, is used by the neurophysiologist™ to describe the difference in 
electrical energy which results from differences in electrical properties of adjacent segments of 
nerve, and in this sense includes injury potentials. For the purpose of this presentation, demarca 
tion potentials and injury potentials, and the currents which result from them, are regarded as 
differing from each other in the manner depicted in Figure 3 B, C, and D 


| 

| 


70 THE BULLETIN 


The fifth type of injury has been seen during the use of the electrode 
catheter. It consists of a large long negative potential occurring in 
diastole, and at a time when a U wave, if present, would appear. It is 
suggested that this phenomenon is caused by hyperpolarization such as 
seen in some of the experiments on the cell. The probable electrical 
situation is shown schematically in Figure 3F. 

A sixth type of injury which is difficult to illustrate diagrammatically 
is of considerable clinical significance and has been ascribed to ischemia.”” 
It is a degree of injury which does not result in subnormal repolariza- 
tion or depolarization but rather in a delay in the rate of repolarization 
in some part of the cell (or in some part of the heart). This difference 
in the duration rather than magnitude of the excited state results in an 
abnormal final deflection or T wave. This “gradient” in the rate of 
recovery is accurately defined, as noted above, by the vectorial sum of 
the mean vectors representing depolarization and repolarization. In the 
clinical electrocardiogram it is determined from the area of QRS and T. 
In Einthoven’s triangle (frontal plate of the body) its direction is usually 
such as to make an angle with the horizontal (angle «) of 0° to go° 
and its mean length is approximately 50 microvolt seconds (vs). 


ConsiperATIONS oF MyocarpiAL INJURY 


Because of the limited definition of injury made earlier, no discussion 
will be included of such electrocardiographic manifestations of injury 
as atrial and ventricular dysrhythmias, and atrioventricular and intra- 
ventricular block. 

From what has been presented thus far it must be clear that the 
knowledge now possessed regarding the individual cell is applicable 
with only slight modification to an aggregate of cells or the heart as 
a whole. 

In the atria: The atria differ from the ventricles in that no specialized 
conduction system is believed to exist for them. This makes the problem 
easier in that the atrial muscle may be regarded as a large syncytium 
over which excitation and recovery pass in a radial manner from the 
pacemaker, the sino-atrial node. 

It has been shown experimentally that the accession and regression 
processes behave as though they were dipoles or double electric layers 
proceeding across the muscle. If the wave of accession behaves as a 
dipole with the positive pole in the direction of movement, and the wave 
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Figure 4—An enlarged electrogram (Vra,, 
upper record) made from the interior of the 
right atrium simultaneous with lead I (1, 
lower record) in a patient with complete 
atrioventricular block. The lower record is 
somewhat distorted by “hum” but the rela- 
tively simple, notched P wave (P) can be 
seen, Its actual complex structure at its 
source can be seen in the upper record in 
which five different deflections are recog- 
nizable. The waves a, and a, are the acces- 
sion deflections (MacLeod); the latter is 
barely visible. The waves r, and r, are the 
regression deflections which are of reverse 
direction, longer duration, and lower ampli- 
tude than a, and a, The slow terminal 
positive wave labeled U is of unknown 
origin. The rapid change from a, to a, which 
was so rapid it was not photographed, is the 
“intrinsic deflection” which delineates the 
period of increasing activity of the cell 
(depolarization or rapid disappearance of 
the membrane potential, Fig. 1 and Fig. 2, 
AB). The slower change from r, to r, de- 
lineates the period of decreasing activity of 
the cell (repolarization or slow restoration 
of the membrane potential, Fig. 1 and Fig. 
2, CD). 

Time lines occur every 0.2 sec. The figures, 
0.35N and 0.9N, indicate the sensitivity of 
the respective strings when the records 
were made (Kossmann, Med. Cl. N. A. 
34:833, 1950). 


Figure 5—Right atrial electrograms 
(Vera, and Vra,) recorded from adjacent 
points in the right atrium of a normal man 
simultaneously with lead II (II). The sec- 
ond differs from the first by the presence 
of a contact or demarcation potential mani- 
fested by an elevation of the S-T segment 
which extends through and displaces the 
initial ventricular deflections, QRS, but has 
no effect on standard lead II. , 

The figures .045 and .048 indicate the 
time in seconds between the beginning of 
the P wave in lead II and the beginning 
of the intrinsic deflection in the electro- 
grams. The figures 0.6N and 0.5N indicate 
the fraction of normal sensitivity of the 
string galvanometer used when the _ rec- 
ords were made. Time lines, 0.2 sec. 
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of regression behaves as a dipole with the negative pole in the direction 
of movement, then a quadriphasic curve would be expected, as noted 
earlier, when an electrode is placed directly on or close to the 
endocardial or epicardial surface of the atrium. In order to free the 
curve of the electrical effects of the normally sequential ventricular 
deflections, efforts to demonstrate this should be made preferably in 
a heart displaying a long atrioventricular conduction time or even 
complete atrioventricular block. A record from the atrium of a patient 
with the latter defect in conduction was made (Fig. 4). The rapid 
initial accession deflections are easily recognized as being diphasic, with 
the first phase (a,) positive and the second (a,) negative. The regression 
deflections are smaller but longer with the first (r,) negative and the 
second (r.) positive. The period of possession (a, to r,) is very brief. 

The patient had arteriosclerotic and rheumatic heart disease and at 
necropsy the right atrium was abnormally large. The atrial electrogram 
cannot, therefore, be accepted as a normal but it does demonstrate the 
basic electrophysiology involved which agrees, with the exception of the 
U wave, with the experimental findings in the frog’s atrium made by 
Macleod.“ The U wave, positive in this instance, may be on the basis 
of inductance in the non-excitable endocardium brought about by the 
trailing edge of the wave of regression. 

When the electrode makes pressure on the endocardial surface of the 
atrium, the curve becomes distorted in a characteristic way (Figs. 5 & 6). 
The junction between the initial and final atrial deflections (S-T), June- 
tion or Jp) invariably becomes elevated, and the initial deflections 
(QRSp) may be modified usually by a reduction in the size or oblitera- 
tion of the Sp wave. The duration of recov ery (J-T) interval) appears 
to be lengthened. All of the phenomena disappear promptly when the 
electrode either spontaneously or by design no longer makes pressure on 
the endocardium. The modifications of the initial and final atrial 
deflections may be encountered in either atrium. They have been 
observed when the catheter was in the coronary sinus or one of its 
venous tributaries, and have been seen intermittently with atrial flutter 
(Fig. 7). 

The phenomenon is attributed to a block of the wave of depolar- 
ization at the electrode so that the latter is electrically positive during 
systole. The situation is thought to be comparable to what is shown 
diagrammatically in Figure 3C, with the probable addition (not shown) 
of a slower rate of repolarization. The electromotive force generated 
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Figure 6—Left atrial electrograms (Via,a and Via,) re- 
corded from adjacent points in the left atrium of a man with 
an atrial septal defect simultaneously with lead I, Record B 
shows the distortion caused by contact of the electrode with 
the endocardium. Numbers and time lines are as in Fig. 5. 


( Quin. + DIG) 


Figure 7—Atrial flutter with intermittent demarcation 
potential. The record is a continuous one. A double electrode 
catheter was used. Each electrode was | mm in length, and the 
distal ends of the two were separated by a distance of 3 em. 
The electrogram from the proximal electrode (Vra,r) shows 
no distortion of the S-T° segment, although there is some 
variation in the initial atrial deflections probably caused by 
movement of the electrode. The electrogram from the distal 
electrode (Vrap) shows a spontaneous occurrence of displace- 
ment of this segment toward the end of the upper strip and 
a spontaneous disappearance at the end of the lower. The x 
marks points at which a standardizing current was passed 
through the string. Ventricular deflections may be recognized 
as occurring in a ratio of 1:4 to the P waves. The patient was 
receiving quinidine and digitalis. Time lines, 0.2 sec. 
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under such conditions is sharply localized to the exploring electrode 
itself and does not affect the S-T, segment of a simultaneous standard 
lead or precordial lead made over the intracardiac electrode. It is doubt- 
ful that a current of injury exists during diastole (Fig. 3B) because the 
force under consideration, which may be regarded as arising from a 
demarcation potential or pressure potential, promptly disappears when 
pressure on the endocardium is released. This is in contrast to the injury 
current which is ascribed to a more serious degree of impairment of 
electrical function due to actual depolarization of part of the cell or 
some of the aggregate of cells. It disappears gradually over a period of 
time as the injured cells either undergo necrosis or recover. 

There appears to be no spontaneous clinical counterpart of the 
atrial demarcation current as observed with the catheter. However, 
injury potentials, theoretically at least, can exist with infarction of 
the atrium or involvement of it by inflammatory or neoplastic disease. 
Whether the P-R segment, measured from the end of the P wave to the 
beginning of ventricular QRS, is elevated or depressed as a result of 
such injury potentials will depend on the orientation of the electrodes 
used in the surface lead with respect to the equivalent double electric 
layer resulting from the injury (Fig. 3B). It must be kept in mind, too, 
that the P-R segment will be displaced by such factors as digitalis and 
tachycardia by virtue of their effect on the regression process in the 
atria. Theoretically the P wave itself may be modified in form if 
destruction of atrial musculature is extensive. 

The incidence of infarction in the atria is higher than most patholo- 
gical data indicate. In the series studied by Cushman, Feil and their 
associates there were 31 instances (17.0 per cent) of atrial infarction 
among 182 cases of myocardial infarction. The great majority (21 
cases) were in the right auricular appendage and were accompanied 
by mural thrombosis as well. Although the majority displayed abnormal- 
ities of the atrial mechanism, only five displayed depression of the P-Q 
segment. Other reports of alterations both in P wave and P-Q segment 
have been made and one experimental study of the effects of alcohol 
induced necrosis suggests that the P-Q segment may be elevated in 
lead I with left atrial injury, and elevated in leads II and III with right 
atrial injury, both accompanied as well by a change in amplitude and 
form of the P wave. Clinical confirmation of this finding has not been 


forthcoming. 
With neoplastic involvement of the atria* disturbances of rhythm 
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Figure 8—Endocardial potentials of the right ventricle in a patient with right 
bundle branch block. The double electrode catheter was used with electrodes 3 cm 
apart. The first record (Vrv,n) recorded from the distal electrode simultaneously 
with lead I (1) shows elevation of the S-T segment. The record from the proximal 
electrode (Vav,r) shows no distortion of this segment. When the recording was 
made simultaneously from the two intracardiac electrodes (third record), some but 
not all of the S-T elevation had spontaneously subsided. Time lines, 0.2 sec. 


seem to be more common than abnormalities of the initial or final atrial 
deflections. 

In summary, it may be stated that experimental and clinical studies 
of the electrical behavior of the atrial myocardium have been most 
valuable in elaborating and crystallizing the present state of knowledge 
concerning the normal and abnormal electrophysiology of the heart. 
The practical use of this information as applied to the atria has been 
limited because of the relative infrequence of dynamically important 
disease of these chambers, and the dominance of rhythmic disturbances 
rather than electrocardiographic abnormalities resulting from a change 
in the extent, rate, or course of depolarization or repolarization. 

In the ventricles: As in the right atrium, demarcation potentials may 
be encountered during catheterization of the right ventricle* or of the 
left ventricle.**: ** These are accompanied by a variety of modifications 
of the preceding deflections of depolarization. Sometimes the initial 
positive deflection and deep, notched negative deflection characteristic 
of a right ventricular lead are not modified at all or only slightly by the 
demarcation potential (Fig. 8); in other instances the S wave is almost 
completely eliminated, making the curve appear, in a sense, monophasic 
(Fig. 9). It is suspected that obliteration of the QRS deflection is largely 
an algebraic effect on the electrode of two oppositely oriented double 
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Figure 9—Leads from adjacent points in the right ventricle 
of a normal man showing the “monophasic” distortion which 
eceurs (Vav,) when the electrode makes pressure on the endo- 
cardium, The similarity of the earliest parts of QRS in both 
records is to be noted. The simultaneous lead is I, recorded 
at somewhat less than normal sensitivity with Vav.. Time lines, 
0.2 sec. (Kossmann et al, Circulation 2:10, 1950). 


electric layers. The contact potentials are not reflected in surface leads 
(Fig. 10). 

As in the atria, no exact clinical counterpart of this catheter pressure 
potential occurs unless it be the rare example of a tumor* or foreign 
body pressing on the heart, or the abnormal mechanics at the margins 
of a ventricular aneurysm.” A degree of excitation block is regarded 
as accompanying all injury currents by some.” It is likely that the 
temporary S-T displacements seen in anginal syndrome are on this 
basis, the block being induced by a relative vascular insufficiency of short 
duration. 

On the other hand, injury phenomena of longer duration are common 
in the ventricles and depending on the degree, may modify the QRS 
deflections, the S-T segment, the T wave, or combinations of these. 

The changes which occur in QRS, other than those caused by 
intraventricular block, are due to the loss of muscle elements which 
ordinarily contribute to the total of the deflections resulting from de- 
polarization of the ventricular muscle. The best known change, alluded 
to earlier, is the subendocardial or transmural destruction of the wall of 
a chamber, usually the left ventricle, resulting in a surface lead becoming 
a semidirect lead from the cavity of that chamber. 
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Figure 10—Contact potential shown in a lead (Vav,) from the cavity of the right 
ventricle of a normal man which disappears as the electrode is slowly withdrawn. 
The distortion of the baseline at the end of the trace is presumed to be due to 
breaking of the endocardial contact. The last complex is probably a record of the 
true cavity potential before distortion. The simultaneous lead made with an elec- 
trode placed on the chest wall directly over the intracardiac electrode shows no 
change as the demarcation potential is made to disappear. Time lines, 0.2 sec. 


One of the earliest changes in the electrocardiogram which occurs 
with coronary closure is rarely seen in clinical curves but has been pro- 
duced in animals.** When a coronary artery is tied off in a dog the 
initial change is in the T wave, not in the S-T segment. This is ascribed 
to ischemia with a delay in the velocity of the repolarization process in 
the involved muscle. As the ischemia becomes more severe, necrosis 
results, and there is then superimposed the effects of an injury current 
which tend to displace the S-T segment in a direction opposite to the 
abnormal T wave. Once the injury current subsides, as the cells respon- 
sible for it either die or recover, the S-T segment returns to the baseline, 
and the delayed recovery in the “ischemic” muscle adjacent to the dead 
zone again results in abnormal T waves of a type which are well known 
clinically. 

An observation of some interest and without a satisfactory explana- 
tion is the occurrence of elevation of the S-T junction and segment in 
precordial leads when there is infarction in the anterior part of the heart, 
and depression of this junction and segment when there is infarction 
in the posterior part of the heart. The spatial axis of injury, FJ, points 
upward, forward, and to the left in the anteroseptal infarct (Fig. 11B); 
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Figure 11—Changing spatial axis of injury, Es, in a male patient with recent 
myocardial infarction. Record A was made approximately two hours after, and 
record B 40 hours after symptoms began. The initial spatial axis of injury is 
directed upward, backward, and to the right as expected with a subendocardial 


lesion. The final axis of injury is upward, forward, and to the left as usually seen 
with infarction in the anterior part of the heart. The change is ascribed to the 
lesion becoming transmural, which is supported by the changes in QRS which have 
occurred between the two curves. Time lines, 0.04 sec. (see Fig. 13 A and B). 


Figure 12—Unusual displacement of the S-T segment in an elderly female after 
myocardial infarction. The spatial axis of injury, Es, has a direction downward, 
backward, and to the right as expected in posteroseptal infarction. Changes in QRS 
are not yet fully developed. 


| my. 0.3 mv. J 
J 
A B 
| 

V; Vv. 


Myocardial and Pericardial Injury 


A. SUBENDOCARDIAL B. TRANSMURAL C. SUBEPICARDIAL 


Figure 13—Diagram of the electrical effects of a subendocardial, transmural, 
and subepicardial lesion. The semicircular diagrams represent a portion of the 
ventricular wall. The stippled areas are dead, the clear areas healthy muscle, and 
between the two is assumed to be an injured area where excitation is blocked as it 
approaches it from the endocardial surface (arrows). The variable electrical effect 
on points, P, inside and outside of the chamber, are on the basis of the relationship, 
V = gw (see Fig. 2). 


downward, backward, and to the right in the posteroseptal infarct (Fig. 
12). On theoretical grounds (Fig. 13A) the reverse should be the case 
because infarction in the heart is usually more extensive on the endo- 
cardial than on the epicardial surface, and a good many do not extend 
to the epicardial surface at all. Under such circumstances the exploring 
electrode, in the case of an anterior subendocardial infarct, should be on 
the normal side of a junction between normal and injured tissue. During 
electrical systole the electrode would then be negative with respect to 
surrounding medium as a result of the vector, Ey (or — 1), being directed 
away from the normal muscle (Fig. 13A). 

Several explanations have been given. Bayley” pointed out that with 
transmural infarction a subendocardial layer of healthy muscle is pre- 
served, under which circumstances the normal—injured junction would 
have a reverse orientation of that expected on the basis of the distribu- 
tion of the coronary blood supply. In experiments on turtles and dogs, 
Pruitt and Valencia®? demonstrated that preservation of a subendocardial 
layer is not essential to the production of an elevated S-T junction in 
direct or semidirect epicardial leads from an area of myocardial destruc- 
tion. In their experiments, positive displacement was also observed when 
an electrode was placed on the cavity side of a transmural lesion. They 
attributed upward displacement of the S-T segment on both aspects of 
the lesion to boundaries developed between injured and uninjured 
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muscle at the margins of their experimentally produced lesions (Fig. 
13B). 

Rarely in the course of myocardial infarction in the anterior part 
of the heart a transition ts seen in serial records between the theoretically 
expected downward displacement of the S-T segment in precordial 
leads and the more usually encountered upward (positive) displacement 
of this segment. This is demonstrated in Figure 11. The initial record, 
A, was made approximately two hours after the onset of the clinical 
syndrome of coronary occlusion with myocardial infarction in a middle 
aged man. In it the S-T junction and segments are depressed in the 
standard and precordial leads. The spatial axis of injury*”** or instan- 
taneous vector for the S-T junction, EJ, is directed upward, to the right, 
and backward. This is the direction expected with a subendocardial 
lesion (Fig. 13A) and is the usual direction taken by this vector when 
temporary angina occurs spontaneously, is produced by hypoxia or 
exercise,"* ® or occurs with tachycardia, hemorrhage or peripheral circu- 
latory failure in the syndrome called coronary insufficiency.*°** Ap- 
proximately 48 hours later, however, (Fig. 1 1B) the S-T junctions have 
the more usual reciprocal displacement in the standard leads I and III 
with elevation in lead I and in the left sided precordial leads. The vector 
has changed to an anterior, upward and leftward direction. The change 
is ascribed to early involvement of subendocardial muscle only, similar 
to what is shown diagrammatically in Figure 13A, and to later trans- 
mural involvement, as shown diagrammatically in Figure 13B. 

One of the problems of clinical electrocardiography has been the 
difficulty of telling whether myocardial injury is present when there is 
a complete defect in conduction in the left bundle branch. The problem 
is best illustrated by an example (Fig. 14) of a patient who had a recent 
infarct of the heart, and who displayed intermittent left bundle branch 
block, as well as atrioventricular block, over a period of several days. 
The figure shows the forms of the QRS and T waves with and without 
block. Lead V. shows how the broad, deep T wave caused by delayed 
subepicardial repolarization is completely obscured and replaced by an 
upright T when block of the bundle develops. A similar phenomenon, 
in lesser degree, is displayed by the other leads. 

The case relates to the matter of the ventricular gradient,"*: * already 
touched upon in the discussion of the electrical behavior of the cell. 
Stated as simply as possible, the T wave may be modified by two known 
variables. First, it may be modified by a change in the mean direction 
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Figure 14—Myocardial infarction with intermittent left bundle branch 
block and complete and incomplete atrioventricular block. In the standard 
leads, and leads aVr, V, and V,, adjacent complexes show the presence 
and absence of the bundle branch block. In the other leads the two types 
were recorded at different times. The figures —6 and +-36 mean that the 
record on which they appear was recorded 6 hours earlier or 36 hours later 
than the other in the same lead. 

In adjacent complexes, supraventricular and aberrant, on the same 
strip, the area of QRST is approximately the same. 

The figure illustrates the obscuration by left bundle branch block of 
the primary abnormalities of the T wave. 


of excitation, or QRS. Under such circumstances it follows that the 
mean direction of recovery must of necessity also be changed. This is 
illustrated by the considerable alteration in the 1 wave which occurs 
where there is intermittent bundle branch block without infarction. In 


this instance the ventricular gradient is exactly the same after as it was 
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before the block. Second, the T wave may be altered by any process, 
such as infarction or pericarditis, which delays regression locally. When 
both variables are operative, as in the case shown (Fig. 14), a calculation 
of the magnitude and direction of the gradient, which is a vectorial sum 
of the mean manifest potentials of QRS and of T, may indicate by its 
abnormality that there is local injury grossly obscured by the bundle 
branch block. 

To return to the figure, it will be noted that the primary abnormality 
of the T wave is obscured whenever the area of the QRS deflections 
during block is large. This amounts to saying that the secondary 
change in T’ wave is greater than the primary change. Further, the 
effects of the infarct on QRS may be obscured by virtue of the fact that 
the mean direction of excitation of the septum, being from right to left 
in left bundle branch block, makes the left ventricular cavity positive. 
Semidirect leads from the cavity will then be, at least partially, positive 
rather than negative as when intraventricular and septal conduction are 
normal, This was not true in the present case because the infarct had 
caused little change in the supraventricular QRS. 

Although a great deal of information is available on the ventricular 
gradient,’ including its usual orientation in infarction and acute 
pericarditis,’ nevertheless it has not been used clinically except in a 
gross manner for the reason that it cannot be measured too accurately 
or easily." As soon as simpler instrumental means are available, it is 
probable that the measurement will be made routinely and have con- 
siderable practical value. 

A curious type of record has been encountered several times during 
cardiac catheterization. It is characterized by a large negative potential 
occurring toward the end of the T wave and extending well into the 
ordinarily isoelectric T-P interval (Fig. 15). It has been observed to 
have a magnitude of as great as 8.0 mv, and its position in the ventricular 
electrocardiogram is about where the U wave would be expected. This 
negative potential may be on the basis of hyperpolarization (Figs. 1 and 
3E) brought about in some way by the pressure of the catheter-electrode 
on the endocardium of the right ventricle. As can be seen in Figure 15, 
this potential is not reflected in a surface lead, varies in degree (lowest 
trace in figure), and disappears as soon as pressure of the electrode is 
released (end of top trace in figure). It is suspected that this type of 
injury may manifest itself clinically by modifications in the U wave 
which have heretofore been relatively neglected. 
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Figure 15—Intracardiac leads in a Negro male with unknown heart 
disease displaying a late, large, negative potential possibly caused by hyper- 
polarization (see Fig. 3E). The upper record (Varv.) from the right 
ventricle, made simultaneously with the potential of the left arm (VL) 
shows a spontaneous disappearance of the potential at the end of the strip. 

The lower records were made with a double electrode catheter in the 
right ventricle with the electrodes 3 cm apart. The proximal electrode 
recorded the probable true potential of the cavity (Vav,r); the distal 
electrode recorded the negative after potential but in lesser degree than 
initially (Vev,p). To be noted is the occurrence of this potential near the 
end of the T wave and its persistence for almost 0.3 sec. into the T-P 
interval. ‘Time lines, 0.2 sec.; string sensitivity is normal unless otherwise 
indicated. 


In summary, it may be concluded that experimental and clinical 
studies of the electrical behavior of injured ventricular muscle have 
shown a high degree of correlation, one with the other. What minor 
discrepancies still exist, particularly between what is observed electro- 
cardiographically and what is found anatomically, may be ascribed to 
the considerable disturbance in electrical behavior which occurs in the 
course of injury well in advance of anatomical changes which can be 
detected by present methods. 
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Fig. 16—Standard leads before (3-29-39) myocardial infarction, after 
(4-6-39, 4-8-39) myocardial infarction, and after (410-39) development 
of fibrinopurulent streptococcus pericarditis. To be noted is the discordant 
displacement of the S-T segments in the second two curves and the con- 
cordant displacement of these segments in the last. 


CiinicaL ConsipERATIONS OF PERICARDIAL INJURY 


It is generally agreed that the pericardium is a passive conductor. 
Electrocardiographic abnormalities which occur with disease of or 
trauma to this membrane are ascribed to involvement of the subepicardial 
myocardium. An exception is the case of the massive pericardial effusion 
which theoretically causes some diminution in the size of all electrocar- 
diographic deflections by virtue of its short-circuiting effect. 

’ The changes which occur in the clinical electrocardiogram are well 
known.** During the first week of an acute pericarditis, with the excep- 
tion of uremic pericarditis, the S-T segment is characteristically elevated 
in leads I, Il, Vi, and left sided precordial leads, and depressed in leads 
Vr and V,. Usually there is little or no deviation of the segment in lead 
Vr. During the inscription of the T wave the potential of the right arm 
and of the right sternal edge is negative, of the left arm and left leg 
variable and of the precordial leads, other than V,, positive and possibly 
notched. The spatial axis of injury is downward, forward and to the 
left (Fig. 11C). 

In a period of a few days up to several weeks there is gradual disap- 
pearance of the abnormal S-T segments, and reverse modifications in the 
T wave occur. In leads Vr and V, this deflection becomes positive, and 
in the standard leads and the leads from the left side of the precordium 
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Fig. 17—Standard leads (I, Il, Ill), extremity potentials (Vr, V1, 
Vr), and precordial potentials (V, to V,, and Ve, tip of ensiform) in same 
patient as in Fig. 16 recorded on 4-7-39. The changes are typical of trans- 
mural anteroseptal infarction with probable subendocardial involvement 
at the apex, Chest leads were recorded at 0.5N sensitivity of the string. 
Time lines, 0.04 sec. 


it becomes negative or less positive. In the leads from the left arm and the 
left leg the modifications are variable. 

The characteristic concordant elevation of the S-T segments and 
subsequent concordant depression of the T waves in the standard leads 
are ascribed to involvement of the subepicardial myocardium around the 


apex dominantly on the anterior wall (Fig. 11C). It hardly need be 
pointed out that pericarditis does not occur exclusively in this area, that 
a similar electrocardiographic picture will be obtained if the lesion is 
diffuse, and that other abnormalities observed will depend on the orienta- 
tion of the injured and ischemic myocardium to the surface electrodes. 
Further, pericarditis may exist without any electrocardiographic ab- 
normalities. 
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A problem of considerable practical interest is the differentiation of 
the electrocardiographic effects of pericarditis from those of myocardial 
infarction, especially since approximately 15 per cent of myocardial 
infarcts are complicated by a diffuse pericarditis.“ When the electro- 
cardiograms are characteristic, the differential diagnosis is fairly easy, 
although exceptions occur particularly if the infarction is diffuse or if 
there are multiple infarcts. If in the course of myocardial infarction 
known to be elsewhere than at the apex a concordant displacement of 
the S-T segment occurs, almost certainly pericarditis is complicating 
the picture. The example (Figs. 16 and 17) shows a control electrocar- 
diogram (3-29-39) and two sets of standard leads (4-6-39 and 4-8-39) 
made after the clinical occurrence of myocardial infarction probably on 
4-3-39. The precordial and extremity leads were made on 4-7-39 (Fig. 
17). The three latter records leave little doubt about the recent occur- 
rence of myocardial necrosis involving most probably the anterior wall 
of the left ventricle, and the adjacent anterior interventricular septum 
but not the apex (see leads Vs and Vs). On 4-10-39, however, the 
standard leads display a new concordant deviation of the S-T segments, 
ascribed to a subepicardial myocarditis oriented in such a way as to 
yield an axis of injury directed downward and to the left. No pericardial 
friction rub was heard. Nevertheless this new finding suggested diffuse 
pericarditis, and the axis of injury indicated that the original infarction 
was not apical, or at least not transmural at the apex, for under such 
circumstances the subepicardial muscle would be dead, and the com- 
plicating pericarditis could not then have caused the direction that the 
new axis of injury took. 

At necropsy there was a fresh occlusion of the anterior descending 
branch of the left coronary artery. The infarct was dominantly on the 
anterior wall of the left ventricle but did extend to the apex. In the 
latter region, however, the infarct was subendocardial only, and covered 
by a mural thrombus. There was, in addition, a diffuse fibrinopurulent 
pericarditis which yielded on culture a hemolytic streptococcus. The 
probable portal of entry of this organism was in an area of freshly con- 
solidated lung. All subserous layers of the ventricular myocardium which 
were examined displayed a heav y infiltration with polymorphonuclear 
leukocytes. 

Even with infarction in other areas of the heart, the occurrence of 
concordant elevation of the S-T segments in the standard leads should 
excite suspicion of a complicating diffuse pericarditis. Although the diag- 
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nosis formerly was only of academic interest, in this era of potent anti- 
biotics the recognition and energetic treatment of the purulent types 
may be life saving. 

From the discussion, it is apparent that an apical infarct can simulate, 
exaggerate, or nullify the electrocardiographic effects of a diffuse peri- 
carditis depending on its intramural location.” It also must be clear that 
the local pericarditis which occurs over a transmural infarct probably 
has no electrical effects because the muscle under it is necrotic and 


electrically inert. 

One possible manifestation of injury which has been observed in this 
laboratory to occur with unusual frequency in acute pericarditis is elec- 
trical alrernans involving both QRS and T. 


SUMMARY 


The several varieties of “injury” of the myocardium and pericardium 
which may be reflected in the electrocardiogram have been reviewed. An 
attempt has been made to demonstrate how an understanding of the 
membrane theory coupled with a knowledge of the behavior of electrical 
currents in volume conductors make it possible to draw a conclusion 
in physiological terms and with a great deal of precision regarding the 
nature of the clinical disturbance which may be present. It is suggested 
that the era of describing, classifying, and cataloguing the nature and 
behavior of the action potential of the heart in a conducting medium is 
drawing to an end, and it is visualized that the future holds considerable 
promise for the exact correlation of the electrical with other functions 
of the myocardial cell. 


Acknowledgment is made to Drs. Adolph R. Berger, Bertha Rader, 
Stanley A. Briller, and Joseph Bruniik, without whose indispensable 
assistance the original work quoted could not have been accomplished. 
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PATHOLOGIC PHYSIOLOGY OF MITRAL 
STENOSIS AND ITS SURGICAL 
IMPLICATIONS* 


Lewis DexTrer 


\-sistant Professor of Medicine, Harvard Medical School 


pseseseseseseSie development of a direct surgical attack on narrowed 
mitral valves raises many questions as to its efficacy. 
4g Wilcox and Grace’ have objected on theoretical grounds, 
believing that surgery could offer little or no benefit in 
pesesesesesesa the majority of patients with mitral stenosis. Harken and 
his associates* * Glover, O'Neill, and Bailey,‘ Baker, Brock, and Camp- 
bell,” and Prip Buus" have recently reported clinical improvement of 
their patients following direct valvular surgery. The evaluation of opera- 
tive results by clinical impression alone leaves much to be desired, 
however, because spontaneous changes frequently occur in the clinical 
course of these individuals. The advent of pulmonary vascular changes 
and of right ventricular failure, for example, may result in symptomatic 
improvement by relieving pulmonary congestion, yet marks the on- 
ward progression of the disease. Objective evaluation of mitral valve 
surgery is therefore not only desirable but necessary. Baker, Brock, and 
Campbell? have studied the cardiac output and pulmonary arterial pres- 
sure in four cases after mitral valvulotomy and we’ have reported the 
post-operative changes in circulatory dynamics in six cases. 

This study reviews the pathological physiology of mitral stenosis 
as it relates to mitral valve surgery and analyzes the pre-operative and 
early post-operative changes in circulatory dynamics in twelve patients 
with incapacitating mitral stenosis on whom mitral valvuloplasty was 
performed at the Peter Bent Brigham Hospital by Dr. Dwight F. Harken. 


ParnotocicaL Puysiotocy or Mirrat STenosis 


\ diagram illustrating the pathological physiology of mitral stenosis 
is shown in Figure 1. A detailed description of the points that follow 
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DIAGRAM OF PATHOLOGIC PHYSIOLOGY OF MITRAL STENOSIS 


SvC RA RV PA LA Aorta 


Increased High Mitral 
pressure resistance Stenosis 
wor 


High pressure area 


Fig. 1 


have been published elsewhere.*"* It is to be emphasized at the outset 
that this discussion applies to mechanical mitral stenosis wherein there 
is no concomitant active rheumatic carditis. 

The normal mitral valve has a cross-sectional area of 4 to 6 sq. cm. 
Methods have been developed by Gorlin and Gorlin® for accurately 
calculating the size of the orifice of the mitral valve during life in 
patients with mitral stenosis. In mitral stenosis, the orifice becomes nar- 
rowed and in the most advanced cases may be only 0.4 sq. cm. Narrow- 
ing of the mitral valve orifice produces an obstruction to the flow of 
blood at a critical point in the circulatory system, ie., at a point just 
distal to the capillaries of the lung. Between these capillaries and the 
mitral valve there are no valves or other important buffering mechanisms. 
Indeed, in many ways the pulmonary capillaries, pulmonary veins, and 
left auricle can be thought of as a single vascular compartment with 
pressures in all parts not differing by more than a few mm. Hg. As the 
mitral valve orifice becomes narrower, it is obvious that if blood flow 
(cardiac output) is to be maintained at a normal level, pressure proximal 
to the mitral valve must increase. If pressure in the left auricle remains 
normal, blood flow must decrease. In mitral stenosis both occur, i.e., 
pressure in the left auricle and lung rises and cardiac output decreases. 
The pressure rise is predominant, however, and gives rise to the symp- 
toms of dyspnea, orthopnea, paroxysmal nocturnal dyspnea, pulmonary 
edema, and hemoptysis, these being the prominent symptoms of mitral 
stenosis and the ultimate cause of disability. These symptoms are at- 
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tributable to a rise of pressure in the pulmonary capillaries to a level 
exceeding the osmotic pressure of plasma with the production of pul- 
monary edema. These two compensations — a rise of pressure proximal 
to the valve and a decrease in the amount of blood flowing through the 
valve — are the only two important compensations that take place during 
the time that the mitral valve is becoming narrower and narrower. Not 
until late in the course, when the valve becomes about 20 per cent of 
normal (about 1.0 sq. cm.) does the third compensation appear. 

‘This compensation consists of narrowing of the arterioles and small 
arteries in the lung. Histologically there is intimal proliferation and 
medial hypertrophy."” '' Physiologically, there is an increased resistance 
to blood flow through this segment of the lung which can easily be 
measured with the cardiac catheter. There is considerable variation 
in patients with mitral stenosis of the same severity in the extent of this 
vascular resistance in the lung. Some with tight mitral stenosis never 
develop important increases in resistance and these are the patients who 
have severe exertional dyspnea, orthopnea, hemoptysis, and attacks of 
acute pulmonary edema. These patients have hearts which are usually 
little if any enlarged and there is no venous distension, hepatomegaly, 
or other manifestations of right ventricular failure.’* There are others 
who develop a moderate degree of pulmonary vascular resistance 
wherein there is a delicate balance between the resistances in the lung 
and at the mitral valve. These patients have few respiratory complaints 
because the right ventricle, due to the increased pulmonary resistance, 
cannot pump blood into the lung any faster than it can comfortably 
escape through the mitral valve. These two areas of increased resistance 
— the lung and the mitral valve — result in a low fixed cardiac output so 
that the predominant symptoms are fatigue, exhaustion, weakness, tired- 
ness, ennui. At this point, the heart is enlarged, but the right ventricle is 
usually still competent. In some individuals, the pulmonary vascular re- 
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sistance becomes excessive, i.¢., 15 to 20 times the normal. The resistance 
to blood flow through the lung may become greater than that at the 
mitral valve. These individuals do not in our experience have episodes 
of pulmonary edema, but as in patients with severe cor pulmonale, there 
is excessive exertional dyspnea and orthopnea, the right ventricle becomes 
greatly enlarged and fails, with the appearance of venous distension, 


hepatomegaly, and edema. 
The only clue to the mode of production of these pulmonary vascu- 
lar lesions in mitral stenosis is that they make their appearance only late 


| 
g2 
| 
4 


Mitral Stenosis and Its Surgical Implications 93 


in the course of mitral stenosis when the size of the mitral valve is about 
1.0 sq. cm. or less, at which point even at rest pulmonary edema impends. 
It has been postulated’® that this chronic threat of pulmonary edema in 
some unknown fashion leads to the appearance of the vascular changes. 
We have considered it to be a compensatory mechanism successfully 
preventing the right ventricle from sudden surges of output, thereby 
preventing the flooding of the pulmonary capillaries with blood. 

The importance of this pulmonary vascular resistance cannot be 
over-estimated in modifying and influencing the clinical course of 
patients with mitral stenosis. Before its appearance, respiratory symptoms 
become increasingly prominent as the valve becomes narrower. It is not 
until the pulmonary resistance becomes five to ten times the normal 
level that the transverse diameter of the heart by x-ray becomes increased 
and respiratory symptoms decrease, and ten to fifteen times the normal 
that the right ventricle fails grossly. 

EVALUATION OF SURGERY 

With these points in mind, it is obvious that relief of the stenosis itself 
may not necessarily result in clinical improvement of the patient unless 
the secondary changes in the lungs revert toward normal. As an ampli- 
fication of an earlier report,’ an attempt will be made to answer the 
following questions based on the findings shortly after operation in 
twelve patients on whom mitral valvuloplasty for severe, incapacitating 
mitral stenosis has been performed. 

Can the mitral valve orifice really be widened? 

Is mitral insufficiency necessarily produced? 

Does the cardiac output increase? 

Do pressures in the pulmonary circuit fall? 

Does the increased pulmonary arteriolar resistance return to or 
towards normal? 

Does right ventricular function, as indicated by its filling pres- 
sure, return to or towards normal? 


MATERIAL 


Twelve patients with mitral stenosis subjected to mitral val- 
vuloplasty"® in the Peter Bent Brigham Hospital were all incapacitated, 
many leading a bed and chair existence, and were graded as Class III or 
IV according to the New York Heart Association Classification. Studies 
were carried out a few days before operation and again between two 
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Taste 1-—CIRCULATORY DYNAMICS IN PATIENTS BEFORE AND AFTER 
MITRAL VALVULOPLASTY 


Right 
P ulmonary Pulmonary lentricular 
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and six weeks after operation. Mitral insufficiency was detected quali- 
tatively from the contour of the pulmonary “capillary” pulse tracing 
and estimated semi-quantitatively by means of hydraulic formulae.’* '* 


MerHops 


The methods have been described in detail elsewhere.’ In general, 
they consisted of measuring cardiac output by the direct Fick principle 
and recording pressures with Sanborn electromanometers in the pul- 
monary “capillaries,” pulmonary artery, right ventricle, right atrium, 
and brachial artery. From these pressure and flow measurements, cal- 
culations by the formulae described elsewhere* have been made of the 
size of the mitral valve orifice, and the pulmonary arteriolar and total 
pulmonary resistances. Estimates of the degree of mitral insufficiency, 
graded from one to four plus, have been based on the height of the 
capillary” pressure.’® ** 


v-wave in relation to the mean pulmonary “ 
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RESULTS 


Pertinent data will be found in Table | and Figures 2 through 6. 

1. Size of the orifice of the mitral valve: In each patient, the mitral 
orifice was significantly increased in size by operation (Figure 2). In 
eight, the size of the orifice post-operatively was considered to be satis- 
factory, Le., greater than 1.5 sq. cm. If the size of the valve orifice were 
the only problem in mitral stenosis, these eight patients could be expected 
to return to almost normal activity. In R.W. and L.L., an adequate size 
of the valve orifice was obtained, i.e., 1.2 and 1.3 sq. em. respectively. 
W.F. had an extremely elastic valve orifice which made finger fracture 
of the commissures difficult so that the resulting valve orifice measured 
post-operatively was only o.g sq. em. The problem in her case was 
similar to that of trying to fracture a rubber band. Now that this prob- 
lem is recognized, an appropriate surgical maneuver has been devised to 
overcome this difficulty. In M. McG., the anatomical nature of the 
stenosis made enlargement of the orifice technically almost impossible. 

2. Mitral insufficiency: Nine patients had mitral stenosis without 
insufficiency before operation. None had mitral insufficiency post- 
operatively (Figure 2). Patients A.D. and E.L. had mitral stenosis and 
insufficiency before operation and, as nearly as could be judged, no 
definite change in their regurgitation either for better or for worse was 
produced by operation. In one patient, E..D., fracture of the valve 
commissure was carried forward unintentionally into the aortic leaflet so 
that some mitral regurgitation was produced. The dissection should 
have been carried to the annulus and no further or else into the minor 
leaflet. This must be regarded as a technical error incident to efforts at 
improving leaflet mobilization. Despite this one case, it is apparent 
that mitral valvuloplasty can relieve stenosis without producing regurgi- 
tation. 

3. Cardiac output: Cardiac output was not significantly different 
two to three weeks post-operatively in the majority of patients (Figure 
3). In W-F. and E.L. the cardiac output had increased appreciably, 
presumably due to the striking decrease of pulmonary arteriolar re- 
sistance. In J.G. and C.E., cardiac output rose significantly though not 
markedly. Baker, Brock and Campbell’ found little change in cardiac 
output in four cases studied two to three months after surgery. The 
failure of cardiac output to increase shortly after operation may be due 
to the “disuse atrophy” of the left ventricle which occurs in mitral 
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stenosis and to the increased resistance in the arterioles of the lung, 
which tends to keep the output of the right ventricle depressed in mitral 
stenosis as well as in cor pulmonale.’* *° The relative role of these two 
factors and the eventual level at which cardiac output will stabilize must 
await subsequent follow-up. Follow-up reports indicate clinically a 


progressive increase in exertional tolerance over the course of one to 
eight months at this writing, from which it is anticipated that the cardiac 
output gradually increases over the course of weeks and months. 

4. Pulmonary “capillary” pressure: Since the valve orifice was 
enlarged and blood flow through it relatively unchanged, a striking fall 
of pulmonary “capillary” pressure occurred in eleven of the twelve 
patients (Figure 4). Baker, Brock, and Campbell’ noted a fall of pul- 
monary arterial pressure post-operatively in three cases. The fall of 
pulmonary “capillary” pressure in our patients resulted in a relief of their 
pulmonary congestive symptoms which were their major cause of dis- 
ability. In all but two cases, this pressure was well below the pulmonary 
‘capillary” pressure 


edema level post-operatively. In W.F., pulmonary 
was little changed, but instead the cardiac output and blood flow 
through the valve had increased considerably. In A.D., severe mitral re- 
gurgitation was considered to be the cause of the failure of the pul- 
monary “capillary” pressure to fall to more normal levels. The dra- 
matic fall of pulmonary “capillary” pressure post-operatively was re- 
flected clinically by the impressive absence of dyspnea, orthopnea, and 
other signs and symptoms of pulmonary congestion in the post-operative 
period. 

5. Pulmonary arteriolar resistance: In eight patients there was no 
significant change in pulmonary arteriolar resistance two to three weeks 
post-operatively (Figure 5). In F.L. and W-.F., the decrease of re- 
sistance was striking and was in excess of any possible error in the 
methods. In T.C. and J.G., less striking but significant reductions of the 
resistance were observed. The marked fall of resistance in E.L. and 
W.F. so early in the post-operative period strongly suggests that part 
of the elevated arteriolar resistance pre-operatively was due to functional 
vasoconstrictor activity and that the post-operative values for resistance 
represented the residual obstruction due to organic narrowing of the 
arterioles which is known to be present in severe mitral stenosis.’* '* In 
two patients (B.A. and T.C.), values for resistance returned almost to 
normal (160 and 131 dynes second cm.-5 respectively) seven months 
post-operatively. Whether organic narrowing of pulmonary arterioles 
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is reversible in all patients is not known and must await study of more 


cases. 

6. Right ventricular function: Six patients had elevations of right 
ventricular diastolic filling pressure (Figure 6). In four of these patients, 
values were normal post-operatively, in one (W.F.) it had fallen slightly, 
and in one (T.C.) it was unchanged. In one patient (L.L.) there was a 
rise from 5 mm. Hg pre-operatively to 13 post-operatively. Active rheu- 
matic carditis was suspected as the cause, although there were no other 
confirmatory manifestations. The general trend was clearly a reversion 
toward but not necessarily to normal values early in the post-operative 
course. 

Discussion 


From these carly post-operative observations, it is apparent that the 
surgical relief of mitral stenosis entails an evaluation not only of the 
stenotic valve itself, but also of mitral regurgitation, pressure and flow 
relations across the valve, arteriolar resistance in the lung, and right 
ventricular function. 

The post-operative size of the mitral valve was increased in all cases 
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but was only 30 to 50 per cent of the normal size. By the surgical tech- 
nique used, it seems unlikely to this author that the size can be made 
greater. As described in detail elsewhere," a valve area of 1.5 sq. em. or 
more should result in restoration to almost normal activity, assuming a 
regression of pulmonary vascular changes and return of right ventricular 
function to normal. If the valve is 2.0 sq. cm. or more, the patient has 
symptoms only on excessive exertion. A certain and appreciable number 
of such patients may never progress to symptomatic disease.*' Surgery 
has certainly not been sufficiently perfected as yet to justify its use in 
patients with valve areas greater than 1.5 sq. cm. 

A general concept in the past has been that relief of stenosis must 
be at the expense of producing mitral regurgitation. Harken* was the 
first to recognize that it was possible to relieve stenosis without pro- 
ducing regurgitation. The data reported here amply confirm him in 
demonstrating that the valve orifice can often be increased to a size 
which enables the patient to live a life of all but truly excessive activity 
without the concomitant production of regurgitation. 

The early as well as later return of pulmonary arteriolar resistance 
toward normal in some of our patients is extremely encouraging and 
indeed surprising because authoritative pathological opinion has been 
that this would probably not occur."* Although relief of mitral valve 
obstruction would relieve pulmonary congestive symptoms, the patient 
might still remain relatively incapacitated if such elevated resistances 
persisted after operation. 

The presence of auricular fibrillation in itself has no bearing on the 
decision to operate or not co operate. The incidence of embolism can 
be anticipated to be higher in fibrillators, but it is these very patients who 
stand to receive the greatest benefit from surgery. The eventual effect 
of the operation on cardiac rhythm remains to be determined. At this 
writing, there is no evidence that chronic auricular fibrillation spon- 
taneously reverts to normal sinus rhythm post-operatively. 

The only five absolute contraindications to operation at this stage 
of evolution of the surgical procedure, in our opinion, are: 1) that the 
mitral stenosis is too mild, i.¢., symptoms are not severe enough to keep 
the patient from a useful and productive life; 2) that there is a serious 
associated disease, e.g., tuberculosis, nephritis, ete.; 3) that bacterial 
endocarditis is present; 4) that active rheumatic fever is present; and 
5) that other valve lesions are present in serious degree. The recognition 
of rheumatic carditis is difficult when it is smouldering and often defies 


| | 
| 
‘ 
| 
| 
i 
j 
“Ae 
F 
| 
a 
4 


Mitral Stenosis and Its auwe al Pompe ations 


all of the usual tests. If there are no clinical manifestations of rheumatic 
activity, however, it is assumed that rheumatic activity is either absent or 
so minimal as to be of little importance as regards the decision to operate. 

Indications: In our opinion, tight mitral stenosis is the indication for 
mitral valvuloplasty. By tight is meant a valve area of 1.0 sq. cm. or less. 
This can usually be recognized accurately in patients with pure mitral 
stenosis without resorting to cardiac catheterization. 

Mechanical narrowing of a mitral valve is well tolerated to a point. 
When it is but 20 per cent of its normal size, i.e., about 1.0 sq. cm., 
symptoms are present at rest or on the slightest exertion.’ ** We have 
encountered considerable difficulty in estimating larger valve sizes on 
clinical grounds alone, but have seldom had difficulty in recognizing 
“tight” mitral valves. In order to do this, aggravating factors must be 
eliminated such as thyrotoxicosis, pregnancy, active rheumatic carditis, 
subacute bacterial endocarditis, uncontrolled tachycardia, and other 
complicating episodes such as arterial or pulmonary embolism. In short, 
the patient is under good medical management without aggravating 
influences. The symptoms and signs derive from the mechanically 
obstructing mitral valve. 

Nothing is so important as a careful history with one’s attention 
focused on symptoms during the periods when these complicating events 
are absent, a careful physical examination, an x-ray and fluoroscopy of 
the heart, and an electrocardiogram. If the patient with pure mitral 
stenosis has any four of the following eight manifestations, he can be 
confidently assumed to have a mitral valve area of 1.0 sq. cm. or less, 
i.e., a tight mitral stenosis.” 

1. Severe exertional dyspnea on one flight of stairs. 

2. Left auricle moderately or markedly enlarged by fluoroscopy. 

3. Pulmonary artery moderately or markedly enlarged by fluor- 

oscopy. 
Right ventricular hypertrophy by electrocardiogram. 
Auricular fibrillation. 
Heart 20 per cent or more enlarged by roentgenogram. 
Hepatomegaly (4 cm. or more below the costal margin). 
. Three to four plus edema. 
Four or more of these manifestations are, in our opinion, indications for 
mitral valvuloplasty. 

The presence of mitral insufficiency or involvement of other valves 

in the rheumatic process complicates the decision regarding surgery. 
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It must be remembered that mitral valvuloplasty is designed specifically 
for relief of severe mitral stenosis. If other valves are involved, the 
degree of improvement from mitral valvuloplasty will not be so great 
as in pure mitral stenosis. 

In patients with mitral stenosis, the estimation of the severity of other 
valve lesions is not easy. In our experience, the best clue to the severity 
of aortic insufficiency is the diastolic blood pressure; of aortic stenosis, 
the duration of systole on a brachial arterial pressure tracing; of mitral 
insufficiency the presence of left ventricular hypertrophy, combined 
ventricular hypertrophy, or even the absence of right ventricular hyper- 
trophy in a patient with both systolic and diastolic murmurs at the apex 
whose symptoms and signs would lead one to expect that right ventricu- 
lar hypertrophy ought to be present; of tricuspid insufficiency an 
enlarged pulsating liver; and of tricuspid stenosis, pronounced edema 
and ascites and an elevated venous pressure not responding well to the 
usual forms of cardiac therapy. Cardiac catheterization is now reserved 
for those cases which remain doubtful using the usual clinical measures. 
If one or more valves other than the mitral have serious disease, it is 


not in the best interest of the patient to operate. If one or more valves 
are minimally involved and the mitral valve is severely stenosed, a good 
but not excellent result from successful mitral valv uloplasty may be 


anticipated. 

One of the pressing questions is whether the valve orifice will con- 
tinue to remain patent for a prolonged period of time or whether it 
will become sealed off again in the course of weeks or months. Since 
the orifice is continually opening and closing, the only obvious ways 
in which it can become reduced in size again is by a recurrence of active 
rheuinatic valvulitis or by thrombus formation on the fractured com- 
missure at or shortly after operation, before endothelium has grown 
over the denuded areas. Sufficient objective data are as yet unavailable 
as regards the size of the mitral orifice six months or more after opera- 
tion, but clinical follow-up on these patients indicates progressive im- 
provement in their exercise tolerance over the course of the succeeding 
four to six months, which is possibly attributable to the regression of 
the secondary vascular changes in the lungs. After six months, their 
activity stabilizes and their capacity to exert themselves has shown no 
tendency to diminish. It would seem likely, then, that the valve orifice 
has remained unchanged in size for periods up to three years, which is 
the longest that any patients have been followed. 
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To date, 115 patients have had a finger fracture valvuloplasty per- 
formed by Dwight E. Harken. Sixty-five have been in his group 3** 
(corresponding with certain modifications to the same grouping of the 
New York Heart Association). There have been four operative deaths, 
a 6 per cent mortality — all in the earlier part of the series. Among fifty 
patients in group 4, there have been eighteen operative deaths, a mor- 
tality of 36 per cent. With experience and with the development of 
suitable instruments, there have been no technical deaths in the last 
eighty or more operations. Arterial embolism has accounted for seven 
deaths, cardiac standstill, ventricular fibrillation, and shock have ac- 
counted for about ten deaths, and the remainder have been from miscel- 
laneous causes. Much of this mortality occurred during the develop- 
mental period of this type of surgery. Details of the surgical technique 
and anesthesia will be found in the publications of Harken."® 

It is apparent that the operative risk is low in those patients who 
have pure mitral stenosis and who are incapacitated by exertional 
dyspnea, orthopnea, hemoptysis, and paroxysmal nocturnal dyspnea but 
whose hearts and livers are not greatly enlarged and who have little or 
no edema. In those who do have big hearts and signs of right ventricular 
failure, i.e., in those who are completely incapacitated, the risk is con- 
siderable, and the results are not so marked or so sure, but in some the 
benefit has been dramatic. 

From this study, some of the problems of the effectiveness of mitral 
valvuloplasty have been answered, but many remain to be solved. The 
results are so encouraging, however, that this surgical approach seems 
to rest on solid ground. 


SUMMARY 


1. The salient points of the pathological physiology and clinical 
manifestations of mitral stenosis and of surgical objectives are discussed. 

2. Twelve patients with mitral stenosis on whom valvuloplasty was 
performed by Dr. D. FE. Harken at the Peter Bent Brigham Hospital have 
been studied before and two to six weeks after operation in order to 
obtain objective information regarding the effectiveness of the surgi- 
cal procedure. 

3. The orifice of the mitral valve was increased in size in each case, 
but in none was it brought back to normal. In the majority, the post- 
operative size was such that normal but not excessive activity should 
be and actually was regained. 
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4. Mitral regurgitation was not produced in eleven of these twelve 


Cases. 


5. The immediate effect of operation in ten of twelve cases was to 


cardiac output. 


lower the pressure in the pulmonary circuit rather than to increase 


6. In two patients, there was a dramatic decrease and in two others 


cannot be answered as vet. 


a significant decrease of pulmonary arteriolar resistance shortly after 
operation. In two, this resistance had returned to practically normal 
values seven months after operation. Whether changes in the arterioles 
of the lung will regress completely with the passage of time in all cases 


7. There was a general tendency for the diastolic filling pressure of 


8. Operative indications and risks are discussed. 


The author is merely the spokesman for a team at the Peter Bent 
Brigham Hospital who have recently been concerned in the study of 
mitral stenosis. 


the right ventricle to decrease post-operatively to or towards normal. 


Dr. Dwight E. Harken has performed the surgery, with the able 


assistance of Drs. R. E. Farrand, H. L. Black, and J. E. Dickson, II. 
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SURGERY OF ACQUIRED 
VALVULAR DISEASE* 


Ropert W. 


Assistant Clinical Professor of Surgery, Columbia University College of Physicians and Surgeons 


INTRODUCTION 


@Sesesesesese% CONSIDERATION of the surgery of acquired valvular dis- 

ease at this moment involves principally the surgery of 
C A mitral stenosis. However, the surgical correction of 
CG aortic stenosis and insufficiency of the mitral valve is on 
—_—— the horizon, but at this time there is not enough evidence 
at hand to evaluate these procedures. Just beyond the horizon also are 
other techniques of dealing with acquired lesions of the cardiac valves, 
but these will await the further development of methods for carrying 
on the circulation artificially in order that one may operate under direct 
vision in a bloodless field. 


History 


At the beginning of this century the idea of surgically opening the 
stenosis of the mitral valve occurred to D. W. Samways' and Sir Lauder 
Brunton.2 The latter had made the observation that the stenotic mitral 
valve could be opened readily at the time of autopsy and suggested that 
such an opening should be made in the slits of the valve and not across 
the leaflets. Thus in 1902 he wrote “On looking at the contracted mitral 
orifice in a severe case of this disease one is impressed by the hopeless- 
ness of ever finding a remedy which will enable the auricle to drive the 
blood in a sufficient stream through the small mitral orifice, and the 
wish unconsciously arises that one could divide the constriction as easily 
during life as one can after death. The risk which such an operation 
would entail would naturally make one shrink from it, but in some 
cases it might well be worthwhile for the patient to balance the risk of 
a shortened life against the certainty of a prolonged period of existence 
* Presented at the 24th Graduate Fortnight of The New York Academy of. Medicine, October 11, 1951. 


From the Department of Surgery, Columbia University College of Physicians and Surgeons and the 
First Surgical Division, Bellevue Hospital. 
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which could hardly be called life.” It remained for Tuffier,® however, 
to make the first attempt at surgical correction of an acquired valvular 
lesion. In 1914 he reported improvement in the condition of a patient 
having aortic stenosis after digital dilatation of the aortic valve by in- 
vagination of the wall of the ascending aorta. The previous year, after 
an unsuccessful attempt to open a congenital stenosis of the pulmonary 
valve by introducing an instrument through the wail of the right ven- 
tricle, Doyen‘ considered using the same approach for relieving the 
stenosis of the mitral valve. 

After this it was not until the 1920’s that Cutler® * and his associates 
began an exhaustive experimental study of the problem. Their study led 
them to the surgical treatment of seven patients with mitral stenosis 
between the years of 1923-28. The approach to the problem was through 
the wall of the left ventricle using a valvulotome blindly — one of these 
patients survived. In 1923, Allen and Graham’ attempted to relieve a 
stenosis of the mitral valve by means of a cardioscope which afforded 
some degree of visualization of intra-cardiac structures. In 1925 Pribram* 
in Germany using the technique of Cutler operated unsuccessfully upon 
a case of mitral stenosis. It is extremely interesting that Souttar® in 
England in the same year, using an approach through the auricular ap- 
pendage, introduced his finger through the mitral valve successfully. 
This initial success, however, was not followed up and for the next 
eighteen years no further attempts were made. Of these twelve opera- 
tions for mitral stenosis in this early period only three patients survived. 

The renewed interest and present state of our knowledge of the 
surgery of acquired valvular disease is the result of the pioneering work 
of Bailey,"” Harken" and Smithy.’* The older methods of attack upon 
the mitral valve had relied for the most part upon excising or incising 
the stenotic valve to produce some degree of regurgitation through the 
valve as the cost of relieving the stenosis. Bailey’s conception, which he 
has carried into practice, has been to incise the valve between the leaf- 
lets in the commissures to more normal tissue at the base of the valve 
to widely open the stenotic valve while preserving its function. Thus 
the stenosis is relieved without producing regurgitation back through 
the valve. 

There is no difference of opinion now among the surgeons who 
have had the greatest experience in this field that the use of the left 
auricular appendage as the avenue of approach to the mitral valve is 
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far superior to any other technique. There is some question, however, 
as to the best method of separating the commissures of the stenotic : 
mitral valve. Harken" ts of the opinion that in most instances this sepa- 
ration can be adequately performed by finger manipulation which he 
calls finger fracture valvuloplasty. He reserves the technique of incising 
in the commissures for a minority of the cases. Blalock concurs with 


this practice. On the other hand Bailey™* and his associates use an inci- 


sion in the commissures in the majority of their cases because they 
believe that the division in the commissures is better controlled by this 


method and there is less likelihood of tearing into the valve leaflets 
which has the disastrous effect of producing an uncontrollable regurgi- 
tation. Also this group believes that a more adequate separation back to 
the normal tissues of the valve bases is made possible by an incision thus 


to insure better valve function with less likelihood of the recurrence of 


the stenosis. 


ANATOMY AND PuysioLoGy oF THE Mitrrat VALVE 


For a complete understanding of the basic principles underlying 
these surgical maneuvers it is necessary to consider briefly the anatomic, 
pathologic and physiologic aspects of the mitral valve. The normal 
mitral valve is a somewhat conical cuff of thin flexible membrane. The 
apex and outer surface of the apical half of this cuff are attached by the 
numerous guy wires of the chordae tendineae originating in the papil- 
lary muscles which arise from the ventricular wall. The chordae ten- 
dineae are grouped more heavily in two areas of the apex of the mitral 
cuff thus forming two components of the valve, the antero-medial and 
postero-lateral leaflets. The base of the posterior leaflet is attached at 
the atrio-ventricular ring. The anterior or aortic leaflet is attached at 
its base to the ring surrounding the systemic aortic orifice and hence 
appears as a downward prolongation from the posterior border of the 
aortic orifice. This anatomical arrangement is extremely important be- 
cause the large anterior leaflet is demonstrated as a baffle covering the 
mitral orifice and deflecting the flow of blood in systole through the 
aortic opening. Thus the large anterior leaflet is the main structure in 


protecting against marked regurgitation through the mitral valve and 
any interference with this function as a baffle against the aortic flow 
by operative tear or by disease will lead to compromising regurgitation. 
The small posterior leaflet of the valve is of secondary importance 
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in the function of the mitral valve. Lying as it does along the lateral 
wall of the ventricle it is out of the line of the aortic thrust of blood in 
systole, but also because of this position it is displaced inward by the 
contraction of the ventricle thus permitting its leaflet to purse with the 
anterior leaflet to affect efficient closure of the valve. 

The portions of the conical cuff which lie between the ends of the 
valves become infolded in the closure of the valves and it is these areas 
of infolding which become fixed in disease to produce an anatomic 
reality — the commissures. 

In rheumatic disease with the fibrosis and contracture dependent 
upon it, the mitral valve becomes distorted. This distortion may be 
limited in extent and may resemble merely a purse string puckering of 
the valve orifice with the main portions of the leaflets remaining soft 
and pliable. In this instance where the valve orifice only is involved it 
is conceivable that the valve leaflets may close above the rigid stenotic 
opening to prohibit regurgitation. In other instances the disease involves 
greater portions of the cuff leaving a flexible margin only along its base. 
In far advanced disease the whole valve becomes a rigid, inflexible and 
often calcified plaque with a small ovoid fish mouth opening. In some 
of these latter instances where the valve leaflets are extensively involved 
and shortened, mitral regurgitation may be the predominating feature 
and surgical interference by manipulation of the valve is not indicated. 


SurGIcAL TECHNIQUE 


The technique of operation which has been employed on the First 
Surgical Division at Bellevue Hospital where Himmelstein, Lambert 
and the author have worked as a surgical team on this problem is fash- 
ioned closely after the techniques of Bailey and Harken from both of 
which it differs, but little. 

- The operation consists in a left lateral approach with the patient 
lying recumbent on the right side. The chest wall is opened widely in 
the 4th interspace by an intercostal incision extending posteriorly from 
the transverse processes of the vertebrae to the lateral border of the 
sternum anteriorly. A small incision is made in the pericardium and 5 cc. 
of 5 per cent novocaine is instilled and allowed to remain in the peri- 
cardial sac for five minutes with the incision clamped. The pericardium 
is then incised longitudinally 1 cm. anterior or posterior to the phrenic 
nerve depending upon the position of the underlying left auricular ap- 
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pendage. The left auricular appendage usually is distended and easily 
accessible. In four instances, however, the appendage has been the site 
of an organizing or organized thrombus. In two instances the auricular 
appendage thus involved appeared as a rudimentary process about the 
size of the tip of the index finger. After infiltration of the base of the 
auricular appendage with }, per cent novocaine, a purse string suture 
of #1 braided silk is passed about the appendage at its base. A non- 
crushing clamp is closed over the base of the appendage and a portion 
of its tip is amputated. The right index finger is inserted in the left 
auricle as the clamp is released and the purse string suture drawn snugly 
about the finger. In the instances where the auricular appendage is rudi- 
mentary and obliterated, a modification of this technique entails passing 
the purse string suture about the appendage in the adjacent auricular 
wall and incising down within the wall of the obliterated appendage to 
gain access to the auricle. When the Bailey type knife is introduced 
with the finger, two gloves are worn on the operator’s right hand. The 
blade of the commissurotomy guillotine knife is inserted between the 
gloves on the index finger — the tip of the outer glove having been re- 
moved and an opening made at the base of the index finger. 

The finger is well tolerated in the auricle and exploration is carried 
out to find the mitral orifice. The size of the orifice is determined and 
an attempt is made to ascertain the site of the commissures. It is impor- 
tant to note at this time the presence or absence of a regurgitant jet 
coming back through the valve and to determine the extent of fibrosis 
and calcification involving the valve leaflets — particularly the antero- 
medial leaflet. If the disease has not involved this anterior leaflet it will 
be felt to bulge forcibly against the finger with each systole. 

The finger is then forcibly introduced through the stenotic mitral 
orifice with pressure exerted in the direction of the antero-lateral com- 
missure. In most instances the valve splits in the region of the commis- 
sures after the initial resistance of the fibrous ring at the mitral orifice. 
It has been our experience in a limited group that about 1/3 of the cases 
do not open widely by this method. In those instances, first where the 
valve cone is greatly elongated with a rubbery apperture and second 
where there is extensive fibrosis and calcification well back on the bases 
of the valve, one initial attempt is made to dilate, but if this fails the 
knife is employed. The knife is then protruded through the opening 
and the hooked blade engaged in the antero-lateral commissure. Ap- 
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proximation of the guillotine is carried out to divide the commissure. 
It has not seemed necessary in any of our cases to employ the knife in 
division of the postero-medial commissure. 

The finger and knife are now withdrawn from the auricle as the 
purse string is tied. The cut edges of the auricular appendage are over- 
sewn to insure closure. Several sutures are placed in the pericardial open- 
ing but no attempt at real closure is made. The chest is closed with 


intercostal tube drainage. 


SELECTION OF PATIENTS FOR OPERATION 


In the selection of cases for operation we have relied heavily as 
surgeons upon the judgment of our medical confreres Richards, Cour- 
nand, Ferrer and Harvey. I wish to emphasize here the value of close 
cooperation of a medical and surgical team in the selection and after- 
care of these patients. It is obvious that all cases with stenosis of the 
mitral valve are not candidates for this operation. As experience accumu- 
lates, follow-ups on our patients become more adequate and the risk of 
operation in different groups better established, these indications will un- 
doubtedly change. 

At the present time, the group at Bellevue Hospital is of the opinion 
that the following are indications for a direct attack upon the stenotic 
mitral valve. Clinically, there should be symptoms and signs of pul- 
monary engorgement, dyspnea and cough on exertion, paroxysmal 
dyspnea, pulmonary edema or hemoptysis. In addition, supportive evi- 
dence of pulmonary hypertension and diminished output of blood from 
the left ventricle as a result of the block at the mitral valve is sought 
through cardiac catheterization studies in the digitalized patient. Elevated 
pressure in the pulmonary artery with a diminished cardiac output in 
the digitalized patient has been required as one criterion of acceptance 
of patients for commissurotomy. 

Patients who give evidence of active rheumatic infection or of course, 
subacute bacterial endocarditis are not acceptable for operation. Also 
the presence of any major involvement of any of the other valves of the 
heart is at present a definite contraindication. Patients with a small 
degree of mitral regurgitation as evidenced by a systolic murmur have 
been considered for operation only where there was no evidence of left 
ventricular hypertrophy. Also minor aortic diastolic murmurs in the 
absence of other clinical evidence to support aortic insufficiency have not 
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been considered contraindications. Patients with a small degree of mitral 
regurgitation as evidenced by a systolic murmur have been considered 
for operation only where there was no evidence of left ventricular hyper- 
trophy. Also minor aortic diastolic murmurs in the absence of other 
clinical evidence to support aortic insufficiency have not been con- 
sidered contraindications. Bouts of frank cardiac failure have not been 
regarded as a deterrent to operation as long as the patient is compensated 
at the time of the procedure. Auricular fibrillation is not considered as of 
significance in the decision to operate. 

It is our philosophy at the present time that it is more reasonable to 
accept the severely incapacitated patient for surgery where there is 
little doubt as to the progressive and crippling nature of the lesion than 
it is to accept those whose incapacity is only indicated in the future. 
This philosophy naturally carries with it a higher mortality as the more 
severe cases are encountered but at the present time the follow-up is not 
long enough to advocate the operation in those patients who are not 
definitely incapacitated or fail to show evidence of a definite degree of 
physiologic block as determined by cardiac catheterization studies. This 
attitude may be altered with the passage of time when more adequate 
follow-up will be available. 
ResuLts 
A consideration of the results of this procedure should be focused 
first upon the immediate operative results in terms of mortality, second 
upon the early post-operative results in terms of a return to normal 
clinical activity with evidence of relief of the physiologic block at the 
mitral valve and third upon the long term follow-up where the prob- 
lems of secondary contraction of the stenotic mitral valve and the effects 
of continued rheumatic activity will be answered. 

A full evaluation of this procedure cannot be given until the answers 
to these last problems are known. In the meantime, the evidence at 
hand indicates that the mortality of the operation and the early results 
in properly selected cases certainly justify the continued use of this 
operation. Whereas the initial mortality reported on the first small 
groups of patients operated upon by Harken and Bailey was 60 per cent, 
the development of technique and better selection of patients has brought 
the mortality down to nearer 10 per cent in these experienced hands. 
Alfred Blalock’ has recently reported two deaths in a series of twenty- 
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five cases. In one of the patients that died, intracardiac manipulation was 
not performed because of the obliteration of the auricular appendage and 
death was due to cerebral embolism. Naturally the mortality will 
fluctuate with the severity of the disease but where selection of the 
patients has been strict the chance of improvement at present well justi- 
fies the risk. 

What are the early results and what are some of the limitations that 
are recognized? At the present ume there is little statistical evidence 
even on the early results in these patients. Glover'® has reported for 
Bailey’s group on 41 patients on whom commissurotomy was performed. 
Twenty of these or approximately 50 per cent are considered to be 
excellent results from the clinical standpoint. The remainder, or 21, they 
consider to be improved. In this respect our experience, although small, 
is worth reciting. Nine patients between the ages of twenty-six and 
forty-nine years have been accepted for this operation and seven have 
survived. One of these patients died at operation when the posterior wall 
of the auricle ruptured as the finger was being introduced through the 
auricular appendage. The other had a cardiac arrest during intracardiac 
manipulation and although normal rhythm was re-established by cardiac 
massage, the patient did not regain consciousness and died eighteen 
hours later. 

The status of the seven survivors is as follows: five of these patients 
are, from a symptomatic point of view, considered as excellent early 
results and two are classified as improved at the present time. Of the five 
patients who are considered to be in the excellent category, two who 
were operated upon nineteen and sixteen months ago have had cardiac 
catheterization studies one year following surgery. These studies now 
add the weight of laboratory evidence to that of the clinical, and also 
show that there seems to be continuous improvement in these patients. 
The status at one year following operation is better than at one month 
after surgery from the evidence of these’ data. 

Of the two patients who are considered improved symptomatically 
at this time, one we believe will prove to be our poorest result. There 
was a mild degree of regurgitation through a stenosed calcified mitral 
valve in this case. The degree of regurgitation was not lessened by incis- 
ing the commissure anteriorly to relieve the stenosis, because of the im- 
mobility of the leaflets. Also the histologic examination of the auricular 
appendage showed active rheumatic auriculitis in spite of no evidence 
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of clinical activity during a long period of observation prior to opera- 
tion. Although auriculitis has been found in three other of our patients 
we believe that it is significant in this case because of a prolonged febrile 
course post-operatively. ‘Thus, in the early follow-up, rheumatic activity 
although unsuspected clinically, is actually shown to be present in some 
of these patients and may act asa limiting factor. 

Another factor which may alter the result obtained from mitral com- 
missurotomy is the secondary obstruction in the pulmonary circuit due 
to pulmonary atherosclerosis in long standing cases of mitral stenosis. 
Julian Johnson" has drawn attention to this and believes that the 
obstruction due to pulmonary vascular lesions in some cases may be sig- 
nificant enough to negate the effect of surgical opening of the mitral 
valve. Our group is investigating this aspect of the problem but as yet 
has no evidence of a convincing nature. 

A complication has occurred in two of our patients during the 
period of six weeks to four months following operation. This has con- 
sisted in recurring attacks of fever and bilateral chest pain without 
cough lasting from five days to a week. The explanation of these 
episodes is not clear at the present time. With them there has been no 
evidence of cardiac decompensation although in one case auricular fibril- 
lation was present transiently. It is surmised that these attacks may repre- 
sent rheumatic activity, possibly a pericarditis. However there has been 
no evidence either by x-ray or by electrocardiography to substantiate 
that diagnosis. 

As has been suggested in this review of the early follow-up in a small 
group of patients there are a number of factors such as the effect of con- 
tinued rheumatic activity and pulmonary arteriosclerotic changes which 
will have to await a longer close follow-up for a proper evaluation. Sub- 
sequent observations also may show that there is a gradual reformation 
of the stenosis either with or without recurring rheumatic activity. 
However, the early results that are being obtained in the treatment of 
mitral stenosis by a direct attack on the valve are good, and we believe, 
far outweigh the risk of the operation in carefully selected patients. 


PutmMonary Fpema Mirrat STENOsIs 


In addition to the method of treating mitral stenosis by direct attack 
upon the valve, efforts have been made to prevent the bouts of pul- 
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monary edema which occur in this disease. Attempts to solve this prob- 
lem have been made by the anastomosis of systemic and pulmonary veins 
as performed by Sweet.'* Harken" also has suggested the making of an 
inter-auricular defect to alleviate bouts of pulmonary edema. The utility 
of any such shunting procedures must be limited. In a well marked mitral 
stenosis there is a diminished outflow of blood from the left ventricle 
and there is an inability to increase this output with exercise. Therefore 
any decrease in the amount of blood reaching the left ventricle, as might 
occur in the production of a shunt, will not be tolerated. It seems clear 
now that any indirect surgical attack on the problem of mitral stenosis 
is inferior to that of removing the crucial block in the circulation by 
surgical opening of the stenotic area itself. 


Mirra INSUFFICIENCY 


The surgical correction of insufficiency of the mitral valve is dis- 
tinctly in the experimental stage of development. Investigation of this 
problem has been directed in the main along three lines. First, ingenious 
mechanical plastic valves have been anchored in place in experimental 
animals. It is certainly possible that such mechanical valves could be 
introduced and secured in the diseased valves of humans by the same 
techniques, but it is very doubtful that these valves would continue to 
function for any extended period of time. 

Second, efforts have been made to repair experimental defects in 
valves using tissue grafts. Gordon Murray” used inverted segments of 
vein and Templeton and Gibbon™ vein and pericardial grafts to accom- 
plish this feat in animals. Although the fate of these grafts has been 
somewhat encouraging, it is highly improbable that such grafts would 
flourish in the scarred areas of diseased valves. 

The third line of endeavor in the correction of the insufficiency of 
the mitral valve has been directed towards the use of pedicled flaps 
placed across the left ventricle just below the mitral valve so that the 
flap will obstruct the incompetent valve in systole. Gordon Murray** has 
used vein segments while Bailey has employed pericardial grafts to achieve 
the same purpose. It is impossible at this time to give a proper evaluation 
of this method. It is fair to say that the problem of insufficiency of the 
valves of the heart is going to be a difficult one to solve because of the 
complicated mechanism of the valve function. 
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Aortic STENOSIS 


Aortic stenosis is another acquired valvular lesion which is challeng- 
ing the ingenuity of investigators in this field, It is extremely interesting 
to recall that the first successful operation for an acquired valvular lesion 
was performed in 1914 by Tuffier.* As has been noted previously he was 
able to invaginate the wall of the ascending aorta through the stenosed 
aortic opening using his finger and apparently to widen the stenotic area 
as the patient was living ten years later. Investigation of the possibility 
of treating this lesion surgically was revived by the late Horace Smithy”* 
in the 1940's. Incision of the stenotic aortic valve using the left ventri- 
cular approach has been performed by Blalock and by Bailey but with- 
out success. The problem of opening the stenotic aortic valve is not 
only complicated by the difficulty of approach, but also the production 
of appreciable degree of regurgitation is not tolerated. 

More recently Bailey and his associates have attempted to stretch 
the stenotic aortic valve using a dilator instead of an instrument to incise 
the valve, with more success. Originally an approach was made through 
the carotid artery and down the aorta, but apparently this route has now 
been abandoned in favor of the ventricular approach. It is only possible 
now to indicate the methods that are being employed to attack the com- 
plicated problems involved in the solution of insufficiency of the mitral 
valve and of stenosis of the aortic valve. It is probable that even now 
there are other methods under investigation which will solve these com- 
plicated surgical problems. On the other hand it may be that the solu- 
tions will not be found until operations can be performed in a dry field 
under direct vision—which means the perfection of a technique of extra- 
corporal circulation. 

At this time in the mid-stream of progress in the field of acquired 
valvular surgery it is possible to state that the operation for mitral 
stenosis is of great benefit to a selected group of patients with this dis- 
ease. The future with an adequate follow-up of these cases will prove 
whether these patients are permanently cured or whether they have been 
given worthwhile respite from the continued ravages of rheumatic 
disease. 
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At the close of the 1950 session, the New 
York State Legislature passed an amend- 
ment to the State Education Law which 
permits pupils to be excused from the 
study of health and hygiene if their parents 
or guardians object to this instruction on 
the ground that it conflicts with the tenets 
of their religion. 


This amendment has become a part of 
the law of the State. In accordance with 
the new statute, the Department of Educa- 
tion has directed school principals to ex- 
cuse children of the Christian Science faith 
from courses dealing with health subjects 
if their parents or guardians so request. 
Moreover, the Department of Education 
has indicated that “Required sections of 
the Regents’ examination as well as the 
State Scholarship examinations will be 
constructed so as not to penalize pupils who 
have been excused from instruction in the 
specified units of study.” 


Teachers of the biological sciences report 
that the application of this law creates 
numerous difficulties. It disrupts the orderly 
teaching of biology and hygiene, the basis 
of modern sanitation and public health. It 
may prove to be an obstacle to college 
entrance not only for Christian Scientists 
but for all pupils, who may be inclined to 
neglect the biological sciences related to 
public health because these subjects are 
excluded from examinations. 

The whole structure of protective pro- 
cedures against smallpox, yellow fever, 
diphtheria and many other communicable 
diseases, and the safeguarding of our water 
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STATEMENT CONCERNING STATE 
EDUCATION LAW 


and milk as well as other foods rests on 
well established biological facts. Such facts 
must be made known to every school child 
for proper orientation in natural and social 
phenomena. Ignorance of the reasons for 
community action in the field of scientific 
and public health procedures is a potential 
source of danger to the community. A sound 
training in the fundamentals of the bio- 
logical sciences is essential to an under- 
standing of the principles underlying the 
rules of personal hygiene and of public 
health. 


Generally accepted scientific knowledge 
should be part of our children’s educational 
heritage, and no one should deprive them of 
it. The very fact that some pupils are ex- 
cused from the acquisition of essential 
knowledge and from answering questions 
pertaining to it is likely to have a bad 
effect on others; it tends to lower the level 
of health and hygiene teaching throughout 
the State. It is unsound to permit any 
group to interfere with the progress of 
education, especially the teaching of the 
fundamentals of biology and of public and 
personal hygiene. The restriction imposed 
by this amendment particularly un- 
fortunate at a time when the nation is 
straining its potentialities to the utmost to 
organize its material and human resources 
to defend its very existence. 


In the interest of sound education and the 
protection of the public health and welfare, 
The New York Academy of Medicine urges 
the repeal of this amendment to the Educa- 
tion Law. 


* Issued by The Committee on Public Health Relations of The New York Academy of Medicine. 
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CLINICAL RESEARCH MEETING 


The New York Academy of Medicine will hold meetings Wednes- 
day and Thursday evenings, April 23 and 24, 1952, at which investiga- 
tors of New York City and vicinity may present results of original 
research in Clinical Medicine. 

This meeting is being arranged by the Committee on Medical 
Education of the Academy with the following stipulations: 
1) Presentations will be confined to original research in clinical medicine 


or surgery, or to research which is applicable to medicine or surgery 
in all clinical branches. 


Preference will be given to papers which have not been presented 
before a national or local society (other than intramural). 


3) In submitting application, the investigator is requested to state whether 
this work has been published or has been submitted for publication; 
also, in cases where the investigator is working under the head of de- 
partment of a hospital or research institute, approval of the head of 
department should accompany the application. 


Presentations will be limited to twelve minutes. A brief period of 
free discussion will follow each presentation. 

The publication of presentations is not a necessary condition but the 
Academy plans to publish promptly abstracts of presentations, if the 
author so desires. In order to expedite publication of abstracts, the Com- 
mittee requests that the abstract submitted by the investigator be care- 
fully prepared in the form in which publication is desired, with the 
understanding that publication of the abstract in the Bulletin shall not 
preclude publication by the author in any other journal. 

The Committee extends an invitation to all research workers of 
Greater New York and of neighboring cities within a radius of one 
hundred miles to submit an abstract of proposed presentation in QUAD- 
RUPLICATE, not to exceed five hundred words in length, to the Sec- 
retary of the Committee on Medical Education of the Academy, Dr. 
Robert L. Craig, not later than February 15, 1952. A formal invitation 
to participate in this program will then be extended by the Committee 
to the authors of papers selected for presentation. 
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now in parenteral form... 


Brand of Methantheline Bromide 


for use when oral administration is difficult or impractical 
—when more prompt action is desired 


Banthine—a true anticholinergic drug with In Peptic Ulcer—the value of the oral form of 
an adequate range of safety—is now made Banthine is now well established. However, 
available to the medical profession in par- edema in the ulcer area may indicate parenteral 
enteral form, for use intravenously or in- Banthine until the healing processes have re- 


tramuscularly in those conditions charac- duced the edema. 
terized by nausea and vomiting, when oral In Pancreatitis—it has been found that par- 


medication cannot be retained and when a enteral Banthine relieves pain, effects a fall in 
prompt action is desirable. blood amylase and produces a general improve- 
ment in the patient’s condition. 

Through its anticholinergic effects, Ban- 
thine inhibits excess vagal stimulation and 


controls hypermotility. 


In Visceral Spasm— it inhibits motility of the 
gastrointestinal and urinary tracts. 
Parenteral BANTHINE is supplied in serum- 
type ampuls containing 50 mg. of Banthine powder. 
Adult dosage is generally the same as with Ban- 
thine tablets. 


RESEARCH IN THE SERVICE OF MEDICINE SEARLE 
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Water-soluble - Pleasant-tasting - Easy-to-use 


To meet your requirements for 
different vitamin combinations 
for drop dosage, Doctor, Mead’s 
has 3 palatable liquid vitamin 
preparations —POLY-VI-SOL, 
TRI-VI-SOL and CE-VI-SOL. ; 


All three of Mead’s “Vi-Sols” are 
formulated and manufactured 
with the meticulous care and sci- 
entific control that have always 
characterized Mead’s vitamin 


products, 


| Vitamin A | Vitamin 


Ascorbic Acid | Thiamine | Riboflavin | Niacinamide 


1000 
units 


POLY-VI-SOL | 5000 


each 0.6 cc supplies units 


0.8 mg. 5 mg. 


1 mg. 


———+ 


50 mg. 


1000 
units 


TRI-VI-SOL 5000 


eoch 0.6 cc. supplies units 


50 mg. 


CE-VI-SOL 
each 0.5 cc. supplies 


50 mg. 


AVAILABLE IN 15 AND 50 cc. BOTTLES WITH CALIBRATED OROPPER 


MEAD JOHNSON & CO. 
EVANSVILLE U.S.A. 
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1 Greater tensile strength: One of the strongest silks 
ever created — smaller diameter sizes can be used every- 
where to minimize trauma and foreign body reaction. 


Withstands repeated sterilization: New Anacap Silk 
can be boiled or autoclaved six separate times without ap- 
preciable change in either strength or texture. In laboratory 
tests almost the full original strength is maintained even 
after 2314 hours of boiling. 


Easier lo handle: Firmer, not limp, Anacap Silk speeds 
operative technic. Braided by a new method that minimizes 
“splintering” and “whiskering” it passes readily through 
tissues. The ease of handling Anacap makes it a “new ex- 
perience” in silk suturing. 


Absolut non-capallay ify: Having no wick-like action, 
new Anacap Silk is resistant to body fluids and will not 
spread an early localized infection if it occurs. 


Doubl) economical: Low in original purchase price, 


new Anacap Silk is also low in individual suture cost be- 


cause of its long sterilization life. 


In sizes 6-0 to 5 on spools of 25 and 100 yards; sterile in 
tubes with and without D & G Atraumatic® needles attached. 


DAVIS & GECK, INC. 


R 
57 Willoughby Street IO> Brooklyn. 1, N.Y. 
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Successful clinical experience with CORTONE 
in many large series of patients reveals the 
safety of this product. The administration of 
CoRTONE does not necessitate any measures 
that are not readily available to the physician 
in everyday practice. The use of simple labo- 
ratory tests (sedimentation rate, urinalysis, 
blood count, blood pressure, and recordings 


of weight), individualized adjustment of dos- 


age, and careful clinical observation will per- 
mit most patients to benefit materially . . . 
without fear of undesired effects. 

One investigator notes: ““We have not been 
impressed by the severity or frequency of side- 
effects . . . The side-effects due to excessive 
adrenal cortical hormone disappeared when 
the hormonal agent was discontinued.” 


Norcross B. M., N. Y. State J. Med. $1: 2356, 
Oct. 15, 1951. 


Cortone is the registered trade-mark of Merck & Co., Inc. for its brand of cortisone. 


Cortone’ 


(CORTISONE Merck) 


MERCK &€ CO., Inc. 
Manuf:cturing Chemists 
RAHWAY, 


NEW 


In Canada: MERCK & CO. Limited—Montreal 


Safety in the Prolonged Control of 
RHEUMATOID ARTHRITIS 
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An “estrogen of choice 
for hemostasis 

is ‘Premarin’ 

in tablets of 1.25 mg.... 
The usual dose for 
hemostasis is 2 tablets 


“Premarin”—a naturally occur- 
ring conjugated estrogen which 
has long been a choice of physi- 
cians treating the climacteric—is 
earning further clinical acclaim 
in the treatment of functional 
uterine bleeding. 


The aim of estrogenic therapy in 
functional uterine bleeding is to 
bring about cessation of bleed- 
ing, and to produce subsequent 
regulation of the cycle. Once 
hemostasis is achieved, the maxi- 
mum daily dosage of “Premarin” 
must be continued to prevent re- 
currence of bleeding. This sched- 
ule forms part of cyclic estrogen- 
progesterone treatment for 
attempted salvage of ovarian 
function. 


“Premarin” contains estrone sul- 
fate plus the sulfates of equilin, 
equilenin, B-estradiol, and B-di- 
hydroequilenin. Other a- and B- 
estrogenic “diols” are also pres- 
ent in varying amounts as water- 
soluble conjugates. 


three times a day. 

If bleeding has not 
decreased definitely by 
the third day of 
treatment the dosage 
level may be increased 
by 50 per cent.”* 


*Fry, C.0.: J. Am. M.Women’s A. 4:51 
(Feb.) 1949 


Estrogenic Substances (water-soluble) 


5009 R 


also known as Conjugated Estrogens (equine) 


Four potencies of “Premarin” permit flex- 
ibility of dosage: 2.5 mg., 1.25 mg., 0.625 
mg.,and0.3 mg. tablets ; also in liquid form, 
0.625 mg. in each 4 cc. (1 teaspoonful). 


Ayerst, McKenna & Harrison Limited 
22 East 40th Street, New York 16, N. Y. 
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SIDE VIEW AND APPLICABILITY, with standard pulley 
and foot of bed 4” to 6” elevated, demonstrates the freedom of 
leg movement which prevents quadriceps atrophy. 
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[ong CAMP-varco 


PELVIC 


TRACTION BELT 


indicated in the treatment of 


LOW BACK INJURIES 


An effective and practical adjunct in the 
treatment of low back injuries, following 


the tested designs of Dr. Samuel Varco. 


Clinicians regard it as a marked improve- 
ment over present traction methods. In no 
way does it restrict the use of any other 


modalities which may be desired. 


Ease of application, cheerful acceptance 
by the patient, its availability for men, 
women and children at hospital or home 
and a decrease in the demands on the 
nursing staff make the Camp-Varco Pel- 
vic Traction Belt a distinct contribution. 


Write for literature. 


PERMITS PROPER NURSING. The patient can move about freely 


for the application of massage or any other 


form of therapy. The traction is self-adjusting. 


S. H. CAMP AND COMPANY, JACKSON, MICHIGAN 
Offices in New York * Chicago * Windsor, Ontario + London, England 
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a coating to calm the colon 


Kaopectate controls diarrheal 

disturbances by threefold action. 

Kaopectate: 

1. coats and protects the irritated 
intestinal mucosa 


absorbs and removes bacteria, 
toxins, and other irritants 


consolidates the stool to nor- 
mal consistency 


For simple, direct control of common diarrheas ... 


.aopectate 


Each fluidounce contains: 
90 grs. 
Pectin 2 grs. 


Available in 10 fluidounce bottles 


a product of * Trademark. Keg. U.S. Pat. Off. 


Research for medicine ... produced with care ... designed for health 


THE UPJOHN COMPANY, KALAMAZOO MICHIGAN 
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OINTMENT 


the pioneer external | 
cod liver oil therapy 


“soothing, drying 


and healing’’’* in 
infant dermatoses 


protective — Desitin Ointment 
“showed definite prophylactic 
properties” with the incidence 
of nonsuppurative dermatoses 
about one-third that of control 


group. 


therapeutic — Desitin Ointment 
“was used successfully” in the 
treatment of both non-infect- 
ious dermatoses and various 
infections of the skin in the 
newborn infant. 


. w Desitin Ointment is a non-irritant blend of 
high grade, crude Norwegian cod liver oil (with its un- 
saturated fatty acids and high potency vitamins A and 92 ai 

D in proper ratio for maximum efficacy), zinc oxide, tal- ‘ 
cum, petrolatum, and lanolin. Does not liquefy at body : e@ exanthema 
temperature and is not decomposed or washed away Cg) e non-specific dermatoses 
by secretions, exudate, urine or excrements. Dressings = e intertrigo 4 chafing 
easily applied and painlessly removed. 
e irritation 
Tubes of 1 oz., 2 0z., 4 02., and 1 Ib. jars. ; 
(due to urine, excrement, 


write for samples and reprints ; chemicals or friction) 


DESITIN cucwicar company e and Kramer, B. Archives of 


Combes, F. C., Bobroff, eviticus, R.: 
70 Ship Street + Providence 2, R. I. 


% 
a 
i 
| 
j 
( 
if 
j 
i 


FEBRUARY 1952 


NEW! For Infectious Diarrheas 


Prompt clinical remission with 


STREPTOMAGMA 


a combination of 4 co-acting therapeutic agents 


STREPTOMYCIN 


—— Bacteriostasis 


Adsorption of Toxins 


Demulcent Action 


STREPTOMAGMA’ 


Dihydrostreptomycin Sulfate and Pectin with Kaolin in Alumina Gel 


“Trademark Supplied: Bottles of 3 fluid ounces 


Wyeth Wyeth Incorporated, Philadelphia 2, Pa. 
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INJECTABLE 


\NID/ 


HYDROCHLORIDE 


FIRST /NJECTABLE QUINIDINE COMMERCIALLY 
AVAILABLE IN AMERICA 


TRIED - TESTED - DEPENDABLE - STABLE 
For those cases of auricular fibrillation and paroxysmal 


tachycardia where QUINIDINE is indicated and cannot be 
given, or is not effective, orally - 


Administration: \NTRAMUSC ULARLY or if necessary INTRAVENOUSLY 


Auailalde: Quinidine Hydrochloride Injectable (0.6 Gm.) in 5 cc. ampul 
Quinidine Hydrochloride Injectable (0.18 Gm.) in 1'2 cc. ampul 


REFERENCES: 


1. Sturmick, M. I.; Riseman, J. E. F.; and Sagall, E. I: Studies on the 
Action of Quinidine in Man: J. A. M. A. 121; 917 (March 20) 1943 
2. Sagall, E. 1; Horn, C. D.; and Riseman, “J. E. F.: Studies on the 
Action of Quinidine in Man: Arch. Int. Med. 71; 460 (April) 1943 
3. Armbrust, Chas. A. Jr. and Levine, Samuel A.: Paroxysmal Ventricular 
Tachycardia: A Study of 107 Cases: Circulation, 1; 28-39 (Jan.) 1950 
4. Bell, G. O.; Bradley, R. B.; and Hurxthal, L. M: Paroxysmal Tachy- 
cardia, Experiences with Massive Doses of Quinidine Intravenously in a 
Refractory Case: Circulation, 1: 939 (April Part Il) 1950 


For additional information — just send your R blank marked wram 2s 


Alte Auatlakle 


FOR ORAL ADMINISTRATION 
cS Quinidine Sulfate Tablets and Capsules 
) (34r.) in bottles of 100,500 & 1000. 


BREWER G COMPANY, INC. | 


67 UNION STREET WORCESTER. 8, MASS. 


: 
~ 
4 
4 
. 
j 
7 
4 
} 
/ 
| 


FEBRUARY I9§2 


bes and 
the clinical response was striking.” 


The rapidly accumulating background of experience 
tends to favor CHLOROMYCETIN as an antibiotic of 
major importance in combating the group of infections 
caused by gram-negative organisms. 


In a recent study* of CHLOROMYCETIN’Ss 
efficacy in Hemophilus influenzae menin- 


gitis in children “the clinical response to treatment was 
striking.” In this virulent form of meningitis: 


clinical improvement was apparent within 36 hours 
average duration of fever was 2.3 days 
signs of meningeal irritation had abated by the fifth day 


The “relative ease of administration, lack of toxicity 


and the stability of the compound” were noted by the 
investigators. 
CHLOROMYCETIN (chloramphenicol, 
Parke-Davis) is supplied in Kapseals® of 
250 mg., and in capsules of 50 and 100 mg. 


McCrumb, F. R., Jr., and others: Treatment of Hemophilus 
Influenzae Meningitis with Chloramphenicol and Other Anti- 
biotics, J.A.M.A. 145:469 (Feb. 17) 1951. 


PARKE, DAVIS & COMPANY 
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Herald Square, N. Y. 
Porkchester, Bronx Jamaica, Queens 


White Plains, N. Y. mea Flatbush, Brooklyn 


MACY'S PRESCRIPTION DEPARTMENT 


Macy's respects professional ethics. We carefully avoid dis- 
cussing your prescription, either its ingredients or its use, with your 
patient. You can be assured that all your prescriptions are accurately 
compounded exactly as you write them. And all our preparations, 
made from the finest ingredients obtainable, are carefully checked 
by our supervising pharmacists. 


No wonder so many physicians prefer Macy's Prescription Department. 


ATION For Intestinal 
-4 Each tablet cont: Extract 
RRITABLE SI 
IRRITA Fennel Oil in activated 
charcoal base 
For making Selution 


WET DRESSING Use 
® 


{Aluminum Sulfate and 


For treatment of Swellings 
Inflemmetions, Sprains 


For Pulmonary Conditions 
1% solution Quinine with 


24% Camphor for Intra 
musculer inecton 


MAGER & GOUGELMAN, INc. 


A CENTURY OF SERVICE @ PRIVATE FITTINGS 
1851-1951 > : @ PERSONAL ATTENTION 
@ EXPERIENCE & SKILL 


510 Madison Ave., N. Y. 22 
GLASS EYES : Telephone Plaza 5-3756 
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\et Coated Tablet vided f° © 
t T DISPERT are indicated in cases ad Calcium Acetat 
q VALERIANETS: 4 depressiv® states. cardiac OWDER IN ENVELOPES 
on 4 nstrual molimen®. insomnia: TABLETS oh 
on om and of 100 tablets AY 
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virtually painless 
liver for injection 


You need no longer hesitate to use 
parenteral liver therapy for your patients 
because of its painfulness or inconvenience. 
Pernaemon — Organon’s new and 
different liver extract—is so highly purified 
that it is virtually painless on injection, 
and because it is virtually painless 

can even be injected eubcutaneously into 
the arm, obviating the need for deep 
intragluteal injection. Each ee of 
Pernaemon contains vitamin B,. activity 
equivalent to a minimum of 20 meg. of 
cyanocobalamin—the equal of at least 15 
of the old U.S.P. units. When you 
prescribe Pernaemon you are assured of 
the most potent liver injection 

permitted by the U.S.P. Prepared from 
beef livers only, Pernaemon costs no more 
than ordinary parenteral liver extracts 
despite its many advantages. 

Available in 10-ce vials. 


Organon INC. * ORANGE, N. J. 


Organon 
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“Your Verses 
KNOW WHY and HOW ... 


Theoretically, some 150,000 active nurses might be considered as “your staff.” In 
effect—however, when you send patients to us, we are “employed” by you and as 
“your nurses” responsible for treating them as patients and not merely as customers. 
Knowing WHY and HOW professionally is an advantage we have over others serving 


your patient. 

CAMP SUPPORTS — KENDRICK ond BAUER & BLACK ELASTIC HOSIERY — IDENTICAL BREAST FORMS 
R.N. 133 EAST FIFTY-EIGHTH STREET NEW YORK 22, N. Y. 

SUITE 201 PLAZA 5.6328 


FRIDAY AFTERNOON LECTURES © 26th Series — 1951-1952 — At 4:30 o'clock 
THE NEW YORK ACADEMY OF MEDICINE * 2 East 103 St., New York 29, N. Y. 
All lectures are open to the medical profession and to medical students 


MARCH 7, 1952 
RECENT CONTRIBUTIONS OF THE LABORATORY TO DIAGNOSIS AND THERAPY 
Josern ¢ Turnxer, Associate Professor of Climcal Medicine, Columbia University, Associate Visiting 


Physician, Presbyterian Hespital 


MARCH 14, 1952 
RECENT ADVANCES IN 
Henry T. Ranvart, Clinical Director and Chief ef Surgical 
Professor of Surgery, Cornell Umiversity Medical School 


THE MANAGEMENT OF THE POSTOPERATIVE PATIENT 


Services, Memorial Center; Associate 


MARCH 21, 1952 
RECENT ADVANCES IN DERMATOLOGY 


Cant T. Necson, Professor of Dermatology, College of Physicians and Surgeons, Columbia University 


MARCH 28, 1952 
RECENT ADVANCES IN THE SURGICAL MANAGEMENT OF PEPTIC ULCER 
Raceu Corp, Attending Surgeon, Mt. Sinai Hospital; Clinical Professor of Surgery, Columbia University 
RECENT ADVANCES IN THE MEDICAL MANAGEMENT OF PEPTIC ULCER 


Cuarces A. Froop, Assistant Clinical Professor of Medicine, Columbia University 


USED BY DOCTORS FOR OVER 35 YEARS! 


Kalak Water Has Been Found To Serve Useful Purpose: 

IN SURGERY: pre-operatively and post-operatively to maintain 
the acid-base balance. 

IN GASTRO-ENTEROLOGY: neutralizing excess gastric acidity, 
and maintaining the alkaline reserve. 

IN UROLOGY: to alkalinize the urine following acidification, 
and re-establish normal ionic balance. 

IN OBSTETRICS: to alleviate the usual nauseas and “morning 
sickness” during pregnancy. 

IN GENERAL MEDICINE: to help reduce reactions incident to admin- 
istration of salicylates, antibiotics, and other acid forming medicaments. 


KALAK WATER CO. of NEW YORK, Inc., 90 West St., New York 6, N. Y. 
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FEBRUARY 


OMNI-VITA Spherettes 


A pleasant tasting, chewable multivitamin preparation 


Omni-Vita* Spherettes provide all the essential vitamins, A, D, C, Bi, 
B., By, Biz, and Panthenol in small, flavorful, candy-like Spherettes. 
Omni-Vita* Spherettes can be chewed which favors more prompt and 
complete absorption of their vitamin components. Children, especially, 
but many adults as well, who cannot take vitamins in oils, drops, fishy- 
tasting liquids, capsules or tablets like chewable, good-tasting, inexpen- 
sive Omni-Vita* Spherettes. 


OMNI-VITA* Sphereites 


“The preferable way to prescribe vitamins” 


WILLIAM R. WARNER 


Division of Warner-Hudnut, Ine. 
New York Los Angeles St. Louis 
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When the patient must build weight... 


High Dextrin Carbohydrate 


‘Dexin’ is a convenient and palatable form in which to provide 
the elements for building glycogen and fat. 


Even fussy people do not object to taking ‘Dexin’, for 

it has no cloying sweetness, and being soluble it does not 
give the discomfort of bulk. ‘Dexin’ dissolves readily 

in any hot or cold fluid; it blends palatably with fruit 
juices and milk drinks, and it never forms gummy masses. 
It is also good when sprinkled on solid foods. 


Three to six tablespoonfuls of ‘Dexin’, at least three 
times a day, are recommended for building weight. 


‘Dexin’ consists of 75% dextrins and 24% maltose. 


One ounce (siz level tablespoonfuls) supplies 115 calories. 


& Burroughs Wellcome & Co. (U.S. A.) Inc., Tuckahoe 7, N.Y. 
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FEBRUARY 1952 


WHAT IS CERTIFIED MILK? 
WHY 1S IT CALLED “THE WORLD'S FINEST MILK?” 


Answers to Questions YOU Are Often Asked . . . Provided by 
Medical Milk Commission Doctors in Informative New Booklet 


Here at last is a book which thoroughly describes Certified 
Milk . . . explains the medically-controlled conditions under 
which it is produced . . . outlines the reasons why this sUPER- 
FINE GRADE of milk can be called The World’s Finest Milk, 
365 days a year! Prepared by The American Association 

of Medical Milk Commissions, this big 16-page profusely- 
illustrated color book will furnish you with a wealth 

of interesting data about Certified Milk, and supplies 


helpful information for your patients when left on 


your waiting-room reading table. The American Asso- 
ciation of Medical Milk Commissions has granted 
the Walker-Gordon Laboratory Co., producers of 
Certified Milk, permission to distribute the book 
...and from one to ten copies are available to 


Certified by Medt- 


you, without charge, upon receipt of your 
request on your professional letterhead. 


WALKER-GORDON 
CERTIFIED MILK FARM 
Plainsboro, N. J. 
Send requests to American Assn. of Medical 


Milk Comm’s, 1265 Broadway, New York; 
Phone MUrray Hill 4-4626. 
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BULLETIN 


THE 


CHARLES B. TOWNS HOSPITAL 1901 


Complete Medical & Psychiatric Treat- - 
ment at predetermined cost. Privacy 
of patient is assured—if desired. 


literature on Request 
Edward B. Towns, Director 


FOR THE TREATMENT OF ALCOHOLISM 


NARCOTIC AND BARBITURATE 


ADDICTIONS EXCLUSIVELY 293 Central Park West, N. Y. 24, N. Y. 
SChuyler 4-0770 


BULLETIN 


THE NEW YORK 
ACADEMY OF MEDICINE 


The Bulletin contains scientific papers pre- 
: sented at the Academy, including . . . 
When correct shoes are indicated, 
Pediforme provides a variety of 
lasts and sizes to conform with . 
your requirements. Corrective el- Stated Meeting Addresses of the Academy 
terations are carefully made only Academy Section Papers 

on presentation of your prescrip- ‘ ee 

tion which is acknowledged for Section on Microbiology—Abstracts 
your patient's file record. Clinical Research Meeting—Abstracts 


Friday Afternoon Lectures and 


Graduate Fortnight Lectures 


Other Original Contributions 


Published Monthly 


— Annual subscription price, $5.00 — 
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WRITE FOR SHOE ALTERATION FOLDER 


tablets high theophylline content, ready solubility 

cae Is for rapid therapeutic effects in: 

powder 

suppositories Bronchial Asthma 
Paroxysmal Dyspnea 


d u b j n Cheyne-Stokes Respiration 
aminophyllin & 


(theophylline-ethylenediamine) 


H. E. DUBIN LABORATORIES, Inc. 250 €. 43rd St., New York 17, N.Y. 


Member American Hospital Association 
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NEW CHOLI-VASCUALS represents 
a formula* primarily to relieve a 
symptom complex found most com- 
monly in the older patient (40 or over). 
CHOLI-VASCUALS is indicated both 
prophylactically and therapeutically 
in the treatment of arteriosclerosis, 
diabetes and obesity, cirrhosis, 
pancreatitis and kidney dysfunction. 
Each gelucap contains: 

Thiamine (B,;)___ 10 mg. 
Vitamin B, 3 mg. 
Ascorbic Acid_____30 mg. 
Choline-Methionine Tartrate_200 mg. 
Inositol 150 mg. 
Vitamin mcg. 
Alpha Tocopherol 50 mg. 
Dowd, George; Rehabilitation 
of the Arteriosclerotic Worker: 

Medical Times, June 1951. 


Morrison, M.; J. A. 
April 21, 195). 


* Result of more than two years clinical and laboratory study — 
Send for professional samples, literature and clinical reprint! 


VITAMIN CORPORATION OF AMERICA, Division of VCA Loboratories, NEWARK 5, WN. J. 
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THE BULLETIN 


(e.g., after total thyroidectomy) 
is swiftly controlled by 
Hytakerol together with calcium. 


dose 
Orally 3 to 10 cc. (or 6 to 20 
capsules) daily until tetany is relieved; 
weekly maintenance dose of 1 to 7 cc. 
or 2 to14 capsules depending upon the blood 
and urine calcium levels. From 10 to 15 Gm. 
calcium lactate or gluconate should 
be given daily through the period of therapy. 


supply 
Hytakerol in Oil, bottles of 
15 cc.; Hytakerol Capsules (each equivalent 


to 0.5 cc.), bottles of 50, 


Brand of 
dihydrotachysterol 


Hytakerol, trademark reg. U.S. & Canada 
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SARATOGA SPA 


was built by the State to aid the private physician, in a primary 
or collateral capacity, in treating conditions for which hydro- 
therapy or crounotherapy is indicated. The Spa and its medical 
staff supervise the treatments prescribed by the individual 
physician — none of the staff engage in medical practice 
For literature write 
Watter S. McCretran, M.D., Medical Director 
610 Saratoga Springs New York 


THE STATE OF NEW YORK ... THE SARATOGA SPA 


OctTin - spasmolytic and sympathomimetic 


|... relaxation of smooth muscle spasm 
especially of the genito-urinary and 
gastro-intestinal tracts 

2... in migraine and related headaches. 


vee 


DOSE: Oral, | or 2 Octin tablets, 
| additional tablet in three 
to four hours. 


Intramuscular injection, 2 to | cc. 
Give test dose to determine absence 
of sensitivity and excessive hyperten- 
sive reaction. 


Octin © brand of | 


Specialists in Plastic and Glass 
Artificial Human Eyes Exclusively 
REFERRED CASES CAREFULLY ATTENDED 


FRIED & KOHLER, Inc. 


Satisfaction 665 FIFTH AVENUE NEW YORK, N. Y. 
Guaranteed near 53rd Street Tel. Eldorado 5-1970 
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When it is established that the offending agent in infantile allergy 
is cow's milk, good nutrition can still be maintained with a milk 
replacement. Hill recommends, in true milk allergies, a milk-free 
food such as Mull-Soy, since there are “so many crossed reactions” 
between the proteins of cow’s and other animal milks.* 
Mull-Soy is the nutritional replacement of choice for patients, 
young or old, who display a true allergy to animal milks. Mull-Soy 
supplies (in standard 1:1 dilution) essential protein, fat, carbohy- 
drate and minerals in values comparable to those of cow’s and 
goat’s milk. The fat in Mull-Soy is soy oil which is a good source 
of unsaturated fatty acids and which does not form volatile fatty 
acids in the intestinal tract. 
Mull-Soy is a liquid, palatable, homogenized (vacuum packed) food 
—casy to take, easy to prescribe. Available in drugstores in 
151% fl. oz. tins. 


*Hill, L.W: New Ss J. Med. 242:288, 1950 
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The Borden Company 


Prescription Products Division « 350 Madison Avenue, New York 17 
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ANTIBIOTIC 


DIVISION 


Rapidly absorbed following oral administration, 
Crystalline Terramycin Hydrochloride Capsules 
elicit prompt therapeutic response in acute 

and chronic infections involving a wide range 
of organs, systems and tissues. Its broad spectrum 
of antimicrobial activity encompasses organisms 
of the bacterial and rickettsial as well as 


certain spirochetal, viral and protozoan groups. 


Supplied. 250 mg., bottles of 16 and 100; 
100 mg., bottles of 25 and 100; 
50 mg., bottles of 25 and 100. 


lerramven ts also available as: 
Elixir, Oral Drops, Intravenous, 


Ophthalmic Ointment, Ophthalmic Solution. 


CHAS. PFIZER ® CO., INC.. Brooklyn 6, New York 
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THE BULLETIN 


POST GRADUATE RADIO PROGRAMME 


THE NEW YORK ACADEMY OF MEDICINE 


Arranged by 


THE COMMITTEE ON MEDICAL INFORMATION 


in Cooperation with 


THE COMMITTEE ON MEDICAL EDUCATION 


THURSDAYS—9:00 P.M.—10:00 P.M. 
STATION WNYC-FM—93.9 megs. 


1952 
FEBRUARY 7 
. RECENT ADVANCES IN THE MANAGEMENT OF PULMONARY 
TUBERCULOSIS—Burns J. Amberson, Professor of Medicine, College of 
Physicians and Surgeons, Columbia University; Visiting Professor in charge 
of Chest Service, Bellevue Hospital. 


FEBRUARY 14 


. RECENT ADVANCES IN THE KNOWLEDGE OF NON-TUBERCU- 
LOUS PULMONARY DISEASES—Alvan L. Barach, Associate Professor of 
Clinical Medicine, Columbia University, College of Physicians and Surgeons; 
Associate Attending Physician, Presbyterian Hospital. 


FEBRUARY 21 


. EXTERNAL DISEASES OF THE EYE AND THEIR TREATMENT — 
Walter S. Atkinson, Associate Clinical Professor of Ophthalmology, New 
York University Post-Graduate Medical School; Ophthalmologist, House of 
the Good Samaritan, Watertown, New York. 


FEBRUARY 28 


4. CORONARY DISEASE: CLINICAL-PATHOLOGIC CORRELATIONS 
AND PHYSIOLOGY—Herman L. Blumgart, Physician-in-Chief, Beth Isreal 
Hospital, Boston, and Professor of Medicine, Harvard Medical School. 
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plan X-RAY STOPPER 


In the Mallinckrodt laboratories, skilled teams engage in continuous research to 
create specific new compounds—compounds to do everyday jobs better or to satisfy 
long-felt needs for the solution of difficult problems. An example is Urokon Sodium, 
which is opaque to x-rays. Injected intravenously, it is excreted by the kidneys, 
giving the diagnostician a clear picture of the urinary system on an x-ray film. 
The high opacity, low toxicity and great solubility of Urokon® Sodium were com- 
bined in one product after years of experimenting with various molecular arrange- 
ments of iodine in combination with other elements. 

A deep respect for creative chemistry is shared by everyone in the Mallinckrodt 
organization. It is reflected in finer manufacturing processes and careful workman- 
ship in the development and production of fine chemicals to thé precision standards 
of the medical profession. 
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MALLINCKRODT CHEMICAL WORKS «+ St. Lovis * New York + Montreal 


ETHER FOR ANESTHESIA + SODA LIME + 
® PRECIPITATED BARIUM SULFATE - 


UROKON SODIUM 30% HIPPURAN - 
: OVER 1500 PRESCRIPTION CHEMICALS 


* MANUFACTURERS OF FINE CHEMICALS AND DRUGS FOR THE MEDICAL PROFESSION © SINCE '1867 
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SODIUM 


“Reaser and Burch, using radioactive isotopes, have confirmed 
earlier evidence that mercurial diuretics greatly increase the 
urinary loss of sodium. The sodium diuresis precedes water diuresis 
by two to four hours, and sodium excretion per day may be in- 
creased sevenfold while water excretion is merely doubled.” 
Editorial: J.A.M.A. 135:576, 
Nov. 1, 1947. 
“... The concentration of sodium in the urine was increased nearly 
two and one-half times by the injection of the mercurial diuretic, 
while the average total excretion of sodium in 24 hours was in- 
creased more than four times by MERCUHYDRIN injections.” 
Griggs, D. E., and Johns, V. J.: 
California Med. 69:133, Aug. 1948. 


MERCUHYDRIN Sodium (brand of meralluride sodium) is 


available in 1 cc. and 2 cc. ampuls. 


akeside 


INC., MILWAUKEE 1, WISCONSIN 


Water follows Sodinm 
| Sodium follows 
| M we, well tolerated ... - | 


f but you can treat them best with... 
tic ancidiotic of choice for 
7 ment of the more common bacterial infectious diseases 
Oral Penicillin tid. ...is easy to take, does not inter- 
with ex interrupt patient’s sleep, saves time for 
physician and nursing staff. On Keefer’s* dosage schedule 
of 200,000 units, or its multiples, tid., ural penicillin 


formulated for convenient t.id. dosage 


Pentids 


Squibb 200,000 Unit Penic‘llin Tablets 
- Botsles of 12 and 100 
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otitis media with many therapeutic agents... 
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